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I. Mareas rojas: generalidades 
 
Las mareas rojas son densas floraciones, varios millones de células por 
litro, de dinoflagelados u otros microorganismos planctónicos que a 
menudo se presentan en forma de manchas discretas, franjas, ocupando 
capas bien definidas en la columna de agua. El término "mareas rojas" se 
puede prestar a equívocos; muchas de ellas no son rojas, sino pardas, 
anaranjadas, incluso verdosas.  
 
Las mareas rojas constituyen un fenómeno natural que forma parte de la 
sucesión planctónica anual. Sin embargo, en un año concreto puede 
variar sobremanera la magnitud de una serie de factores: lluvias 
excepcionales, aportes terrestres muy superiores a la media, vientos 
persistentes o incluso pueden haberse creado desequilibrios de origen 
antropogénico en las proporciones de nutrientes, así como extensiones de 
la distribución geográfica a través del transporte en aguas de lastre. 
Todas estas desviaciones de la media podrán inducir al comportamiento 
oportunista de una especie, que constituyendo parte de la flora local 
aparezca ese año en concentraciones nunca vistas.  
 
En este punto convendría mencionar los episodios algales que no 
producen coloración del agua, como ocurre en la mayoría de los 
episodios de PSP y DSP que tienen lugar en las Rías Gallegas. En estos 
casos, las microalgas tóxicas confieren toxicidad a los bivalvos a 
concentraciones de varios miles de células por litro (para dar coloración 
se requieren concentraciones del orden de varios millones de células por 
litro). No obstante, los medios de comunicación utilizan el término 
"marea roja" para estos episodios tóxicos aunque no se observe ninguna 
mancha o coloración del agua durante su aparición. 
 
La aparición de mareas rojas resulta de la combinación de una secuencia 
de sucesos oceanográficos (termoclina de verano, haloclina tras fuertes 
lluvias, frentes oceánicos) y de las características biológicas de los 
organismos que las forman (capacidad de movimiento vertical, 




La proliferación de dinoflagelados es una función de la temperatura del 
agua, luz, salinidad, presencia de nutrientes y otras condiciones 
ambientales. No obstante, se desconoce la naturaleza precisa de los 
factores que ponen en marcha un clon tóxico. La temperatura del agua 
debe ser > 28ºC para que tengan lugar las proliferaciones. Si las 
temperaturas caen por debajo de 4ºC, los dinoflagelados sobreviven en 
forma de quistes enterrados en las capas superiores de los sedimentos. 
 
Los moluscos bivalvos (mejillones, almejas, berberechos y vieiras) que 
se han alimentado de dinoflagelados tóxicos retienen la toxina durante 
períodos de tiempo variables que dependen del tipo de molusco. Algunos 
eliminan la toxina muy rápidamente y son tóxicos únicamente durante el 
momento de la proliferación, mientras que otros retienen la toxina 
durante un largo período, incluso un año. 
 
Numerosos casos de mareas rojas se han asociado a situaciones de 
abundantes aportes fluviales. Una de las consecuencias de las avenidas 
fluviales y aguas de escorrentía es el aporte de considerables 
concentraciones de materia orgánica, en especial ácidos húmicos y 
fúlvicos que acomplejan cationes, fundamentalmente hierro, que actúa 
como factor de crecimiento.  
 
Podríamos hacer una primera clasificación de las mareas rojas en: a) 
Tóxicas, b) Nocivas y c) Inocuas. 
 
a) Las mareas rojas tóxicas están constituidas por organismos 
planctónicos portadores de toxinas y que pueden causar diversos 
trastornos al ser ingeridas por moluscos bivalvos filtradores que actúan 
como bioacumuladores de las toxinas, constituyéndose en vectores que 
transfieren estos venenos a niveles superiores de la cadena trófica. Los 
episodios tóxicos más conocidos que se originan de esta forma son: 
 
PSP (Paralytic Shellfish Poisoning) o Intoxicación Paralizante por 
moluscos. 
 
DSP (Diarrhetic Shellfish Poisoning) o Intoxicación Diarreica por 
moluscos. 
 





Tanto el PSP como el DSP son causados por toxinas que afectan 
especialmente a los vertebrados, siendo los invertebrados menos 
sensibles a sus efectos. 
Las moléculas de toxina se ligan químicamente a diversos tejidos y 
órganos de los bivalvos, sobre todo al hepatopáncreas, y tardarán 
semanas o incluso meses en ser eliminadas. La velocidad de eliminación 
dependerá de diversos parámetros ambientales (temperatura, alimento 
disponible...) que afectan a la fisiología del bivalvo.  
 
b) Mareas rojas nocivas, cuando los organismos que la forman no son 
portadores de toxinas, pero que pueden, no obstante, crear serios 
problemas en la acuicultura o en el bentos local al alterar las condiciones 
físico-químicas del medio de distintas maneras: Si se alcanzan elevadas 
concentraciones de organismos planctónicos que no sean consumidos por 
el nivel trófico siguiente, al decaer la población, su putrefacción puede 
crear situaciones de anoxia. Otra posibilidad es que durante la noche, 
cuando se detiene la fotosíntesis y sólo se realiza la respiración, el 
abundante anhídrido carbónico emitido haga descender bruscamente el 
pH del agua. Incluso pueden crearse cambios importantes en la 
viscosidad del medio que afecten a la respiración de peces enjaulados, o 
que se produzca una literal agresión física en las branquias de los peces, 
como puede ocurrir con las floraciones de especies de diatomeas con 
espinas. 
 
c) Mareas rojas inocuas, producidas por organismos que no poseen 
toxinas y que normalmente no suponen un peligro para ningún organismo 
del ecosistema. Un buen ejemplo de este último tipo serían las manchas 
del ciliado Mesodinium rubrum, que aparece casi todos los años en las 





Las ficotoxinas son productos naturales sintetizados generalmente por 
microalgas marinas, en particular pertenecientes al grupo de 
dinoflagelados. Si bien ciertas diatomeas, cianobacterias y probablemente 
otras bacterias están también implicadas en la producción de 
neurotoxinas que afectan gravemente a la salud humana (Shimizu 1996, 
Bates 1998, Wright & Cembella 1998). Las biotoxinas son responsables 
de los síndromes de intoxicación en las cadenas alimenticias desde las 
latitudes tropicales a las polares (Hallegraeff 1993). Pero no afectan 
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únicamente al hombre, sino que se tienen dado mortandades de la fauna 
marina, aves (Work et al. 1993, Sierra et al. 1997) y mamíferos marinos 
como focas monje, leones marinos y ballenas (Geraci et al. 1989, 
Hernández et al. 1998, Landsberg & Steidinger 1998, Reyero et al. 1999, 
Scholin et al. 2000).  
 
Al contrario de lo que sucede con otras toxinas, como por ejemplo las 
micotoxinas, que se manifiestan con efectos crónicos en la víctima, en el 
caso de las ficotoxinas el peligro radica principalmente en sus efectos 
agudos. Hasta la fecha la evaluación de riesgo de presencia de 
ficotoxinas no se realiza de forma sencilla sino que se toman decisiones 
pragmáticas durante el episodio de intoxicación. El hecho de que las 
biotoxinas marinas representen un riesgo para la salud humana ha llevado 
a muchos países a establecer regulaciones que controlen la presencia de 
estas toxinas en aquellos productos de origen marino. De hecho varios 
países han establecido límites específicos para ciertas toxinas marinas en 
bivalvos y peces. En la UE se han acordado los siguientes límites y 
requerimientos analíticos: 
 
Para ASP: Límite 20 mg/Kg; método LC-UV 
 
Para PSP: Límite 80 µg/100 g; método bioensayo de ratón. Para la 
saxitoxina se aceptan los métodos químicos, pero si los resultados son 
confusos se considera el bioensayo como método de referencia. 
 
Para DSP y compuestos relacionados se aplican varios límites: 
 
Ácido okadaico + dinofisitoxinas + pectenotoxinas: 160 µg ácido 
okadaico equivalentes/Kg 
 
 Yessotoxinas: 1 mg YTX equivalentes / Kg 
 
 Azaspirácidos: 160 µg /Kg 
 
Resulta muy necesario llamar la atención sobre su heterogeneidad 
estructural dado que afecta directamente a la gran variedad de receptores 
y procesos metabólicos implicados; algunos son activadores o 
bloqueadores de canales de Na+, otros son activadores de canales de 
Ca+2, agonistas del glutamato, inhibidores de fosfatasas... A su vez, estos 
grupos de productos marinos farmacológicamente activos incluyen 
también algunos muy potentes y que actúan rapidamente, denominados 
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“fast-acting toxins” ó toxinas de acción rápida, cuyo modo de acción 
todavía no se conoce con claridad, es el caso de las gimnodiminas y los 
espirólidos (Miles et al. 2000, Hu et al. 2001).  
A pesar de la diversidad estructural y de modos de acción, podrían 
enumerarse las siguientes generalizaciones (Cembella 2003): 
 
i. El contenido de toxina en las microalgas está sujeto a 
modificaciones ambientales, pero su composición permanece 
bastante estable dentro de cada especie. 
 
ii. La variación en la composición de toxinas o perfil está 
claramente asociado a la localización geográfica o afinidad 
taxonómica pudiendo ser considerada como una posible 
huella molecular “molecular fingerprint” 
 
iii. La correlación entre la tasa de crecimiento (µ) y la tasa de 
producción de toxina es habitualmente positiva. 
 
Se ha observado, en general, que el perfil característico de las toxinas no 
varía tras sucesivas transferencias de cultivos clonales ni con 
perturbaciones ambientales, lo cual sugiere que se trata de un carácter 
genético solidamente definido. Sin embargo, la cantidad de toxina 
presente en las células varía drásticamente a lo largo del ciclo celular en 




La clasificación de las ficotoxinas ha sido abordada desde diferentes 
perspectivas, en particular: similitud estructural (Wright & Cembella 
1998), distribución taxonómica y filogenética (Wright & Cembella 
1998), propiedades químicas (polaridad, carácter lipofílico y otras 
propiedades químicas) (Quilliam 2003). 
 
Una clasificación alternativa de las ficotoxinas podría hacerse en base a 
su modo de acción (Baden & Trainer 1993) o de acuerdo con los 
síntomas observados en humanos, en cuyo caso se pueden considerar seis 
síndromes causados por estos grupos de toxinas marinas: PSP (Paralytic 
shellfish poisoning), DSP (Diarrhetic shellfish poisoning), NSP 
(Neurotoxic shellfish poisoning), ASP (Amnesic shellfish poisoning), 
AZP (Azaspiracid poisoning) y CFP (Cigüatera fish poisoning). La 
clasificación estructural resulta muy compleja, dado que toxinas del 
Introducción 
22 
mismo grupo se separarían; por ejemplo, el grupo de las brevetoxinas se 
dividiría a su vez a nivel estructural en polieteres con átomos de 
Nitrógeno (Brevetoxina B1 y Brevetoxina B2) y polieteres sin átomos de 
Nitrógeno (Brevetoxinas B, C, B3 y dehydrobrevetoxina B). 
 
Las especies de fitoplancton tóxico se pueden dividir a su vez en dos 
categorías diferentes en función de que su presencia en la columna de 
agua sea puntual, o por el contrario, aparezca en el medio de forma 
constante provocando una intoxicación “crónica” (Margalef 1998) 
 
3.1) Especies de fitoplancton tóxico que proliferan de forma puntual. 
 
En este grupo se incluyen cinco tipos diferentes de toxinas según el tipo 
de intoxicación o envenenamiento que producen: 
 
3.1.1) Toxinas PSP o paralizantes  
 
La intoxicación después del consumo de bivalvos es un síndrome que se 
conoce desde antiguo, siendo la más común la parálisis tóxica por 
ingestión de moluscos (PSP). La PSP es causada por toxinas del grupo de 
las saxitoxinas, formadas por un grupo homogéneo de más de 21 
compuestos polares, que presentan un esqueleto heterocíclico 
nitrogenado. Las especies productoras de estas toxinas son 
principalmente dinoflagelados del género Alexandrium, Gymnodinium 
catenatum y Pyrodinium bahamense. 
 
Históricamente, se ha asociado la PSP con las proliferaciones de 
dinoflagelados (>106 células/litro) que pueden causar una coloración 
rojiza o amarronada del agua. No obstante, la coloración del agua puede 
ser causada por la proliferación de muchos tipos de especies planctónicas 
que no siempre son tóxicas. 
 
El PSP es una alteración neurológica cuyos síntomas aparecen poco 
después de la ingestión de moluscos contaminados y dependiendo de la 
gravedad de la intoxicación pueden ser: malestar general, parestesia 
facial, astenia, ataxia, hipotensión, taquicardia, disfagia, desórdenes 
gastrointestinales, cefalea y parada cardio-respiratoria (Lagos 2000). Los 
síntomas se desarrollan entre 0.5 y 2 horas después de la ingestión y las 
víctimas que sobreviven más de 12 horas, en general, se recuperan. Estos 
síntomas se producen porque las toxinas bloquean los canales de Na+ de 
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la membrana celular, lo que conlleva una inhibición de los impulsos 
nerviosos y de la contracción muscular. 
 
3.1.2) Toxinas ASP o amnésicas  
 
La intoxicación amnésica por ingestión de moluscos bivalvos se debe al 
ácido domoico (DA), un aminoácido producido por diatomeas 
pertenecientes al género Pseudo-nitzschia sp. Es un compuesto 
neuroexcitatorio que interfiere con mecanismos de neurotransmisión, 
provocando daño a la célula neuronal y muerte celular. La causa de estos 
síntomas es la unión del DA a los receptores del glutamato presentes en 
las neuronas responsables del procesamiento de la memoria, unión que 
provoca la apertura de canales de Ca+ y la consecuente “intoxicación” 
por exceso de calcio, produciéndose la destrucción de las neuronas. En el 
hombre este daño está asociado con la pérdida de la memoria a corto 
plazo y en algunos casos con la muerte de la persona. La primera 
incidencia registrada de ASP tuvo lugar en el invierno de 1987/88 en el 
Este de Canadá (Wright 1989) donde, a raíz del consumo de mejillones 
azules cultivados, se vieron afectadas más de 150 personas y se 
produjeron 4 muertes; en dicho episodio tóxico el microorganismo 
fitoplanctónico implicado fue la diatomea Pseudonitzschia multiseries. 
 
Los síntomas de la ASP son muy variables, desde las náuseas ligeras y 
los vómitos hasta la pérdida de equilibrio y deficiencias neurales 
centrales, incluida la confusión y la pérdida de memoria. La pérdida de 
memoria a corto plazo parece ser permanente en las víctimas que 
sobreviven, de aquí el término intoxicación amnésica por ingestión de 
moluscos.  
 
Las afloraciones de Pseudonitzschia parecen ser dependientes de la 
disponibilidad de nitratos, que aumenta en otoño como resultado de la 
lluvia y los fuertes vientos. La producción de DA depende del cese de la 
división de las células, de la disponibilidad de nitratos y de la presencia 
de luz. El DA sintetizado por la diatomea Ps. multiseries es un 
metabolito secundario, procedente del metabolismo de los aminoácidos 
(Taniyama et al. 2002). 
 
3.1.3) Toxinas NSP o neurotóxicas  
 
La intoxicación neurotóxica por ingestión de moluscos bivalvos (NSP), 
se ha descrito en personas que consumieron moluscos que habían estado 
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expuestos a “mareas rojas” de dinoflagelados Karenia brevis 
(=Ptychodiscus brevis)(Hallegraeff 1995). La enfermedad ha estado 
restringida al Golfo de México y otras zonas frente a la costa de Florida. 
Las toxinas implicadas se denominan brevetoxinas; se trata de poliéteres 
cíclicos liposolubles que actúan activando los canales de Na+ de la 
membrana celular; en general son muy letales para los peces y además 
las mareas rojas de estos dinoflagelados también están relacionadas con 
muertes masivas de peces. Estas toxinas producen un síndrome de 
intoxicación similar a la ciguatera. Siendo los aerosoles por acción del 
oleaje los que afecten a humanos generando molestias respiratorias como 
asma. No se han encontrado casos donde se haya producido la muerte, y 
al contrario de la ciguatera la recuperación se consigue en días.  
 
3.1.4) Toxinas DSP o diarreicas  
 
La primera referencia data de 1976 y se refiere a una intoxicación con 
mejillones en el Noreste de Japón (Yasumoto 1980) relacionada con la 
presencia en la columna de agua del dinoflagelado Dinophysis fortii, por 
ello se denominó a dicha toxina dinofisitoxina (DTX) Se han dado partes 
de miles de casos de enfermedades gastrointestinales causados por la 
intoxicación diarreica por ingestión de moluscos bivalvos (DSP) en 
Europa, Japón y Chile. 
 
Los dinoflagelados causantes de la producción de las toxinas son 
Dinophysis sp., Prorocentrum lima, Prorocentrum belizearum, 
Prorocentrum maculosum, Protoceratium reticulatum y Coolia sp.. Estos 
dinoflagelados están ampliamente distribuidos, lo que significa que esta 
intoxicación se puede considerar cosmopolita. Hasta la fecha en este 
grupo se incluyen poliéteres como el ácido okadaico (OA) y sus 
derivados (DTXs), las yessotoxinas (YTXs) y las pectenotoxinas (PTXs); 
todas ellas son compuestos polietéreos, de elevado peso molecular, gran 
lipofilia y que comparten propiedades de solubilidad, de tal modo que 
pueden ser co-extraídas utilizando los protocolos genéricos de extracción 
de toxinas DSP. Si bien presentan analogías químicas y en concreto el 
OA y las DTXs son producidas por las mismas especies de 
dinoflagelados, su mecanismo de acción, y por tanto, su actividad 
biológica , son diferentes. La inclusión de YTXs y PTXs en el grupo DSP 
no parece muy acertada puesto que no causan diarrea y por tanto 
deberían reclasificarse. En base a los efectos hepatotóxicos de la 
desulfoyessotoxina y las PTXs (Lee 1989), (Terao 1990) estas toxinas 
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podrían incluirse en un nuevo grupo que a modo tentativo podría 
denominarse HSP (Hepatotoxic Shellfish Poisoning). 
 
Al menos se han identificado 7 toxinas, de las cuales el OA es el más 
potente. Esta toxina provoca una inhibición de proteínas fosfatasas que 
están en las células del epitelio intestinal, lo que genera finalmente salida 
de agua hacia el exterior (Cohen 1990). Dando lugar finalmente a una 
diarrea. Los efectos se producen entre la media hora y unas pocas horas 
después del consumo del marisco que se ha estado alimentando de algas 
tóxicas. Los síntomas son desórdenes gastrointestinales (diarrea, vómitos, 
dolor abdominal) y las víctimas se recuperan en 3-4 días. No se ha 
registrado ningún caso de intoxicación mortal, aunque su actividad de 
inhibición de fosfatasas las sitúan como promotoras de tumores. 
 
3.1.5) AZP (Azaspiracid poisoning) 
 
Se trata de las toxinas marinas de descubrimiento más reciente. 
Producido por la ingestión de bivalvos contaminados con azaspirácido y 
análogos y que se manifiesta con síntomas similares al envenenamiento 
diarreico (DSP). Si bien el origen del azaspirácido no está totalmente 
esclarecido, su aparición estacional y su estructura molecular hicieron 
sospechar que el agente productor era un dinoflagelado (Satake et al. 
1998). Recientemente Yasumoto demostró analíticamente que 
Protoperidinium crassipes y Protoperidinium depressum contenían 
azaspirácidos. 
 
En Noviembre de 1995 algunas personas enfermaron tras consumir 
mejillones cultivados en Irlanda, si bien la sintomatología en los 
pacientes era similar a DSP los síntomas registrados en el bioensayo de 
ratón mediante inyección intraperitoneal diferían de los hallados con 
toxinas DSP, en este caso se dio un típico cuadro de neurotoxicidad con 
dificultad respiratoria, espasmos, parálisis progresiva de las extremidades 
posteriores y a dosis elevadas la muerte sucedía en 20 minutos. 
 
3.2) Especies de fitoplancton tóxico que proliferan de forma crónica: 
CFP (Ciguatera fish poisoning) 
 
Afecta fundamentalmente a zonas subtropicales y tropicales, entre los 
paralelos 35º N y 35º S, siendo más frecuente en el Caribe y en Polinesia 
(Lehane & Lewis 2000).  
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La intoxicación por ciguatera no se produce por la ingestión de marisco 
sino de peces de arrecife que se han contaminado al alimentarse de 
dinoflagelados bentónicos tóxicos que viven en las proximidades de los 
arrecifes coralinos (Caplan 1998). El principal organismo productor es 
Gambierdiscus toxicus, que aparece acompañado por Prorocentrum spp., 
Ostreopsis lenticulares, Ostreopsis siamensis, Coolia monotis, 
Thecadinium sp. y Amphidinium carterae (Besada et al. 1982, Chinain et 
al. 1999). Se observa un aumento de la producción de dinoflagelados 
tóxicos cuando los arrecifes se alteran ecológicamente (huracanes, 
derribo de arrecifes...). Estos microorganismos por lo general se adhieren 
a las superficies de los corales, macroalgas, raíces de los manglares, e 
incluso llegan a encontrarse adheridos a los granos de arena. Las toxinas 
producidas son la ciguatoxina y la maitotoxina, se trata de toxinas 
polietéreas, lipofílicas y muy parecidas a las brevetoxinas (Besada et al. 
1982, Diogéne et al. 1992, Chinain et al. 1999, Lehane 1999, Diogéne 
2003). En el ambiente natural la toxina se va bio-acumulando a lo largo 
de la cadena alimenticia; el pez se ciguata al ingerir a los dinoflagelados 
y el hombre se intoxica al ingerir los peces con ciguatera que han 
adquirido esas biotoxinas. Asimismo, se ha comprobado que la toxina 
puede encontrarse en cualquier parte del pez, pero es más comúnmente 
localizada en los órganos internos como el hígado, cerebro, huesos, 
gónadas, en una proporción de 100 veces mayor que en otras partes del 
tejido. Se considera que los peces de agua dulce no producen la ciguatera 
porque en esta agua no se encuentran los dinoflagelados que sintetizan la 
ciguatoxina. Algunos peces son capaces de eliminar la toxina de su 
organismo. 
 
Hoy en día se sabe bastante sobre los organismos que producen las 
toxinas de la ciguatera. Sin embargo no hay posibilidad de saber de 
manera práctica si un pez está contaminado por la toxina, dado que su 
apariencia, olor y sabor son normales. Por otro lado, las ciguatoxinas son 
estables al calor por lo que el cocinarlo no destruye la toxina (Lewis 
2001).  
 
Dentro de los métodos que se utilizan para su determinación están los 
bioensayos en ratón, gatos y pollos, además de utilizar estudios químicos 
para detectar la toxina mediante cromatografía. Los métodos más 
modernos son inmunoquímicos, prueba de ELISA, y ensayos 




Aunque la incidencia de intoxicación por ciguatera comunicada en los 
informes es baja, se ha estimado que la incidencia mundial puede ser del 
orden de 50000 casos/Año. El cuadro clínico es variable, pero el tiempo 
de aparición es unas pocas horas después de la ingestión de la toxina. Los 
síntomas son gastrointestinales neurológicos y cardiovasculares. Incluyen 
inversión de la sensación térmica (ante el frío se siente calor y viceversa), 
adormecimiento de las manos y pies y de los labios, dolores articulares, 
cianosis, náuseas, vómitos, diarrea, presión sanguínea baja y en casos 
extremos muerte por paro respiratorio. El tiempo de recuperación es 
variable y puede llevar semanas, meses o incluso años en los casos 
graves. No hay antídoto, el tratamiento con manitol o calcio parece 
aliviar los síntomas. Usualmente cuando ocurre adormecimiento se 
confunde a este síndrome con síntomas de enfermedad de 
descompresión, pero el adormecimiento perioral (alrededor de la boca) es 
típico de la ciguatera y sirve para distinguirlos. La muerte sobreviene 
como consecuencia de un colapso circulatorio, siendo la tasa de casos 
mortales aproximadamente del 12 por ciento (Alvarez et al. 1990, 
Stommel et al. 1991). 
 
3.3. En función a la estructura química de las toxinas se puede establecer 
una clasificación más sencilla diferenciando únicamente 2 grupos: 
hidrosolubles y liposolubles. El grupo de toxinas con carácter hidrofílico 
lo integran las toxinas de los complejos PSP y ASP. El grupo de toxinas 
liposolubles está compuesto por Okadaico y derivados, Pectenotoxinas, 
Yesotoxinas, Azaspirácidos y las toxinas pertenecientes a los complejos 
NSP y CFP. 
 
IV. Palitoxina: la leyenda 
 
“...En Muolea, en el distrito de Hana, creció un musgo venenoso en 
ciertas áreas cerradas de aguas cercanas al océano. Era usado para untar 
en ciertos arpones y hacerlos letales. Este musgo se dice que tenía un 
color rojizo y ¡todavía está por encontrar! No crece en otro lugar más que 




Al caer la noche, una vez más los lamentos de angustia penetraron el aire 
de la pequeña villa de pescadores hawaiana de la isla de Maui, cercana al 
puerto de Hana. Aquella noche, cuando todas las canoas con balancín 
habían regresado del mar con la captura del día, una vez más faltaba un 
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pescador. En una búsqueda desesperada por obtener respuestas, los 
aldeanos acusaron al solitario jorobado que vivía arriba, en el acantilado. 
 
Treparon por el arrecife y le arrancaron la capa para descubrir en su 
espalda una enorme boca con largas filas de dientes triangulares. Habían 
capturado a un Dios Tiburón, uno con un apetito insaciable de carne 
humana. Sus sospechas eran ciertas. Cada día, una vez que sus canoas 
habían salido a pescar, el jorobado paseaba lentamente por la aldea y 
salía a nadar en busca de su desayuno.  
 
Sin piedad, los furiosos pescadores descuartizaron al jorobado y 
quemaron hasta la última parte de su cuerpo. Después arrojaron sus 
cenizas a una charca próxima creada por la marea. Pero los malignos 
designios del demonio fueron transformando lentamente las aguas hasta 
convertir la charca en una charca de muerte. Pequeñas y desagradables 
anémonas de color marrón comenzaron a cubrir sus paredes. Algún 
tiempo después se supo que si se impregnaba la punta de una daga o 
lanza con estas limu (algas) renacería la maldad del Dios Tiburón, 
causando la muerte segura a la víctima. Así, los pequeños animales 
inmóviles de la charca formada por las mareas pasaron a conocerse como 




En 1961, investigadores de la Universidad de Hawaii interesados en los 
productos naturales locales descubrieron lo que había escrito Malo sobre 
un veneno hawaiano para las lanzas: Limu Make O Hana. Eran pocos los 
nativos de Maui que todavía sabían dónde crecían estas algas, aunque 
ninguno lo desvelaría. Finalmente, después de haber bebido el suficiente 
Okole Maluna (brebaje local hecho de la planta ti), uno de ellos condujo 
a los científicos a la charca sagrada. Cuando los biólogos se disponían a 
tomar muestras, un grupo de nativos les interrumpió para advertirles que, 
según antiguas creencias, la charca era kapu (tabú), y avisarles de que el 
maleficio del demonio se volvería a activar si algo o alguien lo 
perturbaba. “No creemos en las supersticiones” afirmaron los científicos 
sonriendo mientras recogían sus muestras. Casualmente, aquel mismo día 
un incendio destruyó el edificio principal del laboratorio del Instituto 
Hawaiano de Biología Marina de Coconut Island en Kaneohe Bay 
(Oahu). Las muestras de anémonas tomadas resultaron ser de una nueva 
especie, que se denominó Palythoa toxica (Walsh & Bowers 1971). Ésta 
contenía un mortífero veneno: la Palitoxina (Malo 1838). 
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V. Clupeotoxismo  
 
Se denomina clupeotoxismo al envenenamiento por consumo de peces 
pertenecientes a la familia Clupeidae, como sardinas y arenques o 
anchoas (familia Engraulidae), se trata de un síndrome poco frecuente 
pero ampliamente distribuido por áreas tropicales y subtropicales. Este 
envenenamiento se distingue de la ciguatera u otros tipos de 
envenenamientos a partir de pescados por su gravedad o elevada tasa de 
mortandad y que implica principalmente a peces de la familia Clupeidae. 
Si bien la incidencia de estas intoxicaciones es relativamente baja, el 
hecho de que resulten impredecibles constituye un serio obstáculo en su 
utilización para alimentación. 
 
El primer caso registrado de clupeotoxismo data de 1770 (Desportes 
1770) en República Dominicana por consumo de Clupea thryssa 
(Opistonema oglinum). En 1967 Halstead presenta un listado con 87 
referencias de envenenamiento por consumo de estos peces. En dicho 
momento no se había realizado ningún trabajo experimental sobre 
toxicología, farmacología, o química al respecto. Aparentemente, estos 
peces tan valiosos en nuestra alimentación, resultaban tóxicos de manera 
esporádica y totalmente impredecible (Halstead 1967). 
 
La primera descripción de los síntomas la realiza el mismo Halstead en 
1978 (Halstead 1978), según él la primera indicación de una 
biointoxicación es el sabor ácido y metálico que se advierte 
inmediatamente tras la ingesta del pescado y que va seguido de náuseas, 
sequedad en la boca, vómitos, malestar, dolor abdominal y diarrea. Esta 
alteración gastro-intestinal puede ir acompañada de pulso débil, 
taquicardia, escalofríos, sudor frío, vértigo, descenso en la presión 
sanguínea, cianosis y otras evidencias de colapso vascular. En un breve 
intervalo de tiempo, o bien de forma simultánea, surgen molestias de tipo 
neurológico como nerviosismo, pupilas dilatadas, fuerte dolor de cabeza, 
adormecimiento, hormigueo, hipersalivación, calambres musculares, 
dificultad respiratoria, progresiva parálisis muscular, convulsiones, coma 
y finalmente la muerte del individuo. En casos muy graves la muerte 
puede ocurrir en menos de 15 minutos.  
 
En 1978 un pescador muere en Kaua´i por el consumo de Sardinella 
marquesensis (Melton et al. 1984). En dicha referencia el autor 
argumenta que tanto sardinas, arenques como anchoas se alimentan 
fundamentalmente de organismos planctónicos y por tanto la toxina no 
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puede provenir de un organismo bentónico como sucede en la ciguatera. 
Además estos ejemplares intoxicados son frecuentemente capturados en 
áreas turbias y salobres en contraste a las aguas transparentes de los 
hábitat de arrecifes de coral típicos de la ciguatera. 
Los clupeidos son los primeros en adquirir la toxina, mientras que los 
peces que producen ciguatera en su forma más grave son las grandes 
especies carnívoras que se encuentran al final de la cadena alimenticia. 
En el caso del clupeotoxismo el tamaño del espécimen responsable del 
envenenamiento no guarda relación con la intensidad de la toxicidad en 
contraposición a lo que sucede con los ejemplares que provocan la 
ciguatera. También resulta relevante la estacionalidad de los episodios, 
en el caso del clupeotoxismo suceden en los meses cálidos del año, 
mientras que la ciguatera está presente en cualquier estación. 
 
Sorprendentemente en 1999, Onuma (Onuma et al. 1999) concluye que el 
dinoflagelado bentónico Ostreopsis siamensis es el causante del 
clupeotoxismo. Dicha afirmación se basa en la muerte de una mujer de 
49 años en Madagascar, en enero de 1994 por consumir un ejemplar de 
sardina “Herklotsichthys quadrimaculatus”. El análisis de los restos de la 
sardina permitió la identificación del agente causal que resultó ser 
Palitoxina, en base a ensayos de citotoxicidad, actividad hemolítica, 
neutralización con anticuerpo anti-palitoxina, propiedades 
cromatográficas en diferentes columnas y datos de espectrometría de 
masas. Paralelamente el análisis microscópico de las agallas y esófago 
del pescado reveló que contenían gran cantidad de sedimentos del fondo 
indicativos de que el pescado se había alimentado del fondo y así 
probablemente obtuvo la toxina a partir de organismos bentónicos. 
Teniendo en cuenta el hecho de que Ostreopsis spp. tapiza el fondo de 
mares tropicales (Faust 1995) y que es conocido productor de Palitoxina 
y/o análogos, resulta el candidato más probable para explicar el origen de 
la toxina en la sardina. 
 
VI. Organismos productores de palitoxinas. Ostreopsis, 
generalidades. 
 
La palitoxina fué inicialmente descubierta, aislada y purificada, a partir 
de corales pertenecientes a la familia Zoanthidae, orden Zoantharia, 
phylum Coelenterata (Moore & Scheuer 1971). Posteriormente dicho 
coral fué identificado como Palythoa toxica (Walsh & Bowers 1971) y 
encontrado a su vez en otras especies de zoanthideos en diversas 
localizaciones, como P. tuberculosa, P. Mammilosa o P. Caribeaorum 
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(Kimura & Hashimoto 1973, Attaway & Ciereszko 1974, Beress et al. 
1983) (figura 1). 
 
La primera referencia de palitoxina en un organismo marino distinto a los 
zoanthideos es en un pez, Alutera scripta, que produjo la muerte de 
cerdos alimentados con el mismo, en Okinawa, Japan (Hashimoto et al. 
1969). Posteriormente se identificó en otras especies de anémonas, peces, 
cangrejos, erizos (Gonzáles & Alcala 1977, Fusetani et al. 1985, 
Yasumoto et al. 1986, Fukui et al. 1987, Alcala et al. 1988, Kodama et al. 
1989, Mahnir & Kozlovskaja 1992, Gleibs et al. 1995, Granéli et al. 






figura 1. (A), fotografía de Palythoa toxica (www.nystar.state.ny.us). 
(B), fotografía de una cepa de Ostreopsis siamensis perteneciente a la 
CCVIEO (Riobó, 2008). 
 
La presencia de palitoxina ha sido, además, ampliamente documentada 
en dinoflagelados bentónicos del género Ostreopsis (Nakajima et al. 
1981, Yasumoto et al. 1987, Quod 1994, Tognetto et al. 1995, Usami et 
al. 1995, Onuma et al. 1999, Rhodes et al. 2000, Pearce et al. 2001, 
Ukena et al. 2001, Vila et al. 2001, Granéli et al. 2002, Rhodes et al. 
2002, Ukena et al. 2002, Sansoni et al. 2003, Simoni et al. 2003, 
Taniyama et al. 2003, Turquet et al. 2003, Fraga et al. 2004, Lenoir et al. 
2004, Riobó et al. 2004a, Riobó et al. 2004b, Penna et al. 2005, 
Ciminiello et al. 2006, Morton et al. 2006, Riobó et al. 2006, Zingone et 
al. 2006) y se ha podido aislar un análogo de la misma, la ostreocina-D, a 
partir de Ostreopsis siamensis (Usami et al. 1995). Sin embargo, no se ha 
podido afirmar todavía que el dinoflagelado sea el productor primario, 
puesto que los niveles de toxina encontrados en los pólipos no se 





El género Ostreopsis lo integran microalgas marinas tecadas 
pertenecientes a la familia Ostreopsidaceae, orden Gonyaucales, clase 
Dinophyceae, filo Dinoflagellata, reino Protista (figura 1). Son 
componentes importantes de ambientes marinos tropicales y 
subtropicales distribuyéndose por ambientes costeros marinos poco 
profundos. La mayoría de las especies son bentónicas o epifitas de 
macroalgas, si bien en ocasiones se han encontrado nadando libremente 
en la columna de agua, como es el caso de Ostreopsis labens (Faust & 
Morton 1995).  
 
El interés por este género y la identificación de especies de Ostreopsis ha 
ido en aumento puesto que pueden resultar tóxicas para los humanos, de 


















figura 2. Mapas con las localizaciones de Ostreopsis recogidas en la 
bibliografía (●) y de las cepas con las que se ha trabajado en la presente 
tesis (!). 
 
localizaciones tan diversas probablemente debido al calentamiento global 
y a la globalización ó el transporte a través de los barcos, bien adheridas 
al casco ó como agua de lastre; así se tienen citas en Golfo de Siam 
(Schmidt 1901), Florida (Norris et al. 1985), Puerto Rico (Ballantine et 
al. 1988), China (Faust et al. 1996), Mar Caribe (Faust 1999), Malasia 
(Leaw Chui Pin et al. 2001), Tasmania (Australia) (Pearce et al. 2001), 













Océano Índico (Lenoir et al. 2004), Brasil (Granéli et al. 2002, Riobó et 
al. 2004a), Mediterráneo (Vila et al. 2001, Penna et al. 2005, Aligizaki & 
Nikolaidis 2006, Zingone et al. 2006), Macaronesia (Fraga et al. June 19-
24, 2005) (figura 2). 
Hasta la fecha se han descrito al menos 10 especies: O. ovata y O. 
lenticularis (Fukuyo 1981), O. heptagona (Norris et al. 1985), O. 
siamensis (Schmidt 1902), O. mascarenensis (Quod 1994), O. labens 
(Faust & Morton 1995), O. marinus sp. nov., O. belizeanus sp. nov., O. 
caribbeanus sp. nov. (Faust 1999) y O. tholus (Morton et al. 2006). 
 
VII. Epidemiología y toxicología 
 
La palitoxina se introduce en nuestra cadena alimentaria 
fundamentalmente a través del consumo de cangrejos y en algún caso de 
peces e invertebrados marinos. 
 
El envenenamiento se caracteriza por nauseas, un sabor intenso metálico 
o amargo, vómitos, hipersalivación, calambres abdominales, diarrea 
severa, parestesia de las extremidades, espasmos musculares severos y 
dolor respiratorio (Yasumoto et al. 1986, Alcala et al. 1988, Kodama et 
al. 1989). En casos más graves los pacientes mueren entre los 30 minutos 
y 2 o 4 días que suceden a la intoxicación, en los casos menos graves los 
pacientes sobreviven gracias a tratamiento con intubación endotraqueal. 
 
Dolor muscular y altos niveles de creatin fosfoquinasa (CPK) en suero, 
con tiempos de recuperación o muerte muy elevados (Taniyama et al. 
2001). 
 
En 1994 en Madagascar una mujer murió intoxicada con palitoxina por 
comer un pescado contaminado Herklotsichthys quadrimaculatus con 
Ostreopsis siamensis, probable fuente de la toxina. Al empezar a comer 
sintió un sabor amargo inusual e inmediatamente escupió y el resto del 
pescado se lo dio al gato que murió al cabo de 15 minutos. La mujer 
empezó rápidamente a sentir malestar general y durante las primeras dos 
horas vómitos y diarrea incontrolados seguidos el resto del tiempo hasta 
su muerte por temblores de las extremidades y delirio. La muerte sucedió 
aproximadamente al cabo de 16 horas (Onuma et al. 1999). 
 
Entre el 30 de Octubre y el 4 de noviembre del 2000 once personas 
sufrieron intoxicación con palitoxina tras el consumo de pescado 
Epinephelus sp. en Japón. Los síntomas principales en esta ocasión 
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fueron dolor muscular agudo, dolor lumbar, orina negra y niveles muy 
elevados de CPK en suero; el tiempo de recuperación de los pacientes fue 
superior a un mes en todos los casos (Taniyama et al. 2002). 
 
En Japón de forma esporádica se vienen registrando casos de 
intoxicaciones en humanos debidas al consumo de peces loro Scarus 
ovifrons, particularmente en la parte Oeste del país. Las estadísticas 
reflejan que entre Mayo de 1953 y Abril de 1999 se dieron al menos 20 
casos que afectaron a un total de 75 pacientes con seis muertes. Los 
síntomas más característicos de las víctimas fueron dolor muscular muy 
agudo acompañado de presencia de mioglobulina, urea y un anormal 
incremento de CPK en suero (Okano et al. 1998). La palitoxina, o algún 
derivado ó análogo de la misma se señaló como agente causante del 
envenenamiento (Noguchi et al. 1987). En Septiembre de 1997, tuvo 
lugar un nuevo incidente por ingestión de pescado de dicha especie. Con 
la intención de aclarar el mecanismo de intoxicación a través de S. 
ovifrons se recogieron varios especimenes en el mismo área donde fuera 
capturado el espécimen responsable de la intoxicación (Mugi Town, 
Tokushima) y se investigó el contenido intestinal. Los resultados 
revelaron que adheridas a las algas que les sirven de alimento había gran 
cantidad de microalgas que resultaron ser dinoflagelados del género 
Ostreopsis, que habían proliferado repentinamente en la zona un mes 
antes del incidente alcanzando concentraciones de 150000 células por 
gramo de algas (Taniyama et al. 2003). 
 
VIII. Intoxicaciones respiratorias 
 
En 1998, en las regiones de Toscana y Liguria, en Italia, se registraron 
blooms tóxicos de Ostreopsis que causaron mortalidad de la fauna 
bentónica, posiblemente debido a la anoxia y que se relacionaron con 
intoxicaciones respiratorias en humanos. Docenas de bañistas, después de 
varias horas en la playa manifestaron síntomas típicos de un cuadro de 
intoxicación respiratoria, con fiebre, catarro, dolor muscular, irritaciones 
de las vías altas respiratorias y en algunos casos irritaciones de la piel. La 
gente que había estado en la playa pero no se había bañado también se 
vio afectada, lo cual pone de manifiesto que el agente causal debió ser 
transmitido por el aire. Estos síntomas sólo fueron registrados en 
determinadas áreas de la región Toscana en las cuales se han construido 




En las costas italianas, los peores efectos observados sobre el medio 
ambiente marino a consecuencia de estos episodios de Ostreopsis ovata 
fueron en el verano de 1998 (primera observación), 2002, 2003, 2004 y 
2005 (Bottalico et al. 2002, Sansoni et al. 2003, Simoni et al. 2003, 
Simoni et al. 2004, Ciminiello et al. 2006) . 
En agosto del 2004, alrededor de 200 personas se vieron afectadas por 
dificultades respiratorias en Llavaneres, pequeño pueblo costero 
localizado en la parte central de la costa catalana. El estudio 
epidemiológico llevado a cabo no reveló la causa del episodio; la 
explicación más convincente fue la inusual elevada concentración de 
Ostreopsis detectados en la columna de agua (alrededor de 104 
células/L). 
 
Una vez descartada la presencia de pesticidas y otras substancias tóxicas 
liberadas por la actividad humana, la investigación se centró en el medio 
ambiente marino comprobando la grave alteración de la comunidad 
bentónica (Patella sp., Monodonta turbinata, Actinia equina, Mytilus 
galloprovinciales, Paracentrotus lividus, Coscinasterias tenuispina) 
debida al bloom de Ostreopsis ovata que se apreciaba a simple vista 
como una película de moco marrón que cubría todo el substrato. Se 
atribuyó la aparición de estos bloom al incremento de la temperatura del 
agua y a la lenta circulación del agua debida a la presencia de las piscinas 
artificiales anteriormente citadas. Si bien estos factores deberían 
analizarse cuidadosamente.  
 
Taxonómicamente el género Ostreopsis  está íntimamente relacionado 
con Gambierdiscus tóxicus, principal organismo productor de 
ciguatoxina, que actúa sobre los canales iónicos de Na+ de forma análoga 
a la brevetoxina. Es por ello que no resulta disparatada la posibilidad de 
que algunos clones de determinadas especies del género Ostreopsis 
produzcan toxinas del tipo de las brevetoxinas o ciguatoxinas. Sin 
embargo, hasta la fecha todavía no se ha probado la relación entre este 
aerosol marino y por tanto las intoxicaciones respiratorias con las 
microalgas del género Ostreopsis o la palitoxina, dado que todavía no se 
han realizado análisis de dicho aerosol. La hipótesis se basa en la 
coincidencia de estos episodios de intoxicación con la presencia en la 







IX. Palitoxina: Estructura 
 
La palitoxina es un poliéter que contiene átomos de N en su estructura 
(figura 3). Las toxinas polietéreas constituyen el más abundante y 
diversos grupo de toxinas encontrados en microalgas eucariotas. Los 
éteres policíclicos son especialmente comunes entre los dinoflagelados y 
también se han encontrado en algunas raphydophytas y primnesophytas 
pero no pueden ser sintetizados por organismos superiores.  
 
Estos macrólidos producidos por dinoflagelados son similares a los 
metabolitos antibióticos sintetizados por las bacterias si bien su ruta 
biosintética así como su funcionalidad en dinoflagelados es diferente. 
La biosíntesis de estas toxinas polietéreas es particularmente común 
(aunque no exclusiva) entre dinoflageladas bentónicas y epífitas 
otorgándole con frecuencia un papel químico-ecológico de competencia 










Figura 3. Estructura de la Palitoxina 
La palitoxina es una de las toxinas marinas más potentes de carácter no 























































dependiendo de la especie de procedencia, de modo que la obtenida a 
partir de la Palythoa sp. de Tahití tiene una masa de 2659 Da, si el origen 
es la Palythoa tóxica 2677 Da y en el caso de que provenga de la 
Palythoa caribeaorum 2680 Da ... etc. (Tan & Lau 2000) 
 
En su molécula, C129H223N3O54 (figura 3), 115 de los 129 átomos de 
carbono se localizan de forma continua en la cadena. Hay 54 átomos de 
oxígeno, pero únicamente 3 átomos de nitrógeno. Otra característica poco 
habitual de su estructura es la presencia de 64 centros estereogénicos, lo 
cual unido al isomerismo cis/trans que pueden exhibir sus dobles enlaces 
significa que teóricamente la palitoxina puede tener más de 1021 
estereoisómeros (Patockaa & Stredab 2002).  
Todas las palitoxinas exhiben similar espectro de absorción ultravioleta 
con λmax a 233 y 263 nm, siendo la intensidad de absorción del cromóforo 
a 233 nm el doble que a 263 nm. Por otro lado el cromóforo a 263 nm es 
lábil en soluciones ácidas y alcalinas y su destrucción da lugar a la 
inactivación de la toxina. La palitoxina es una molécula muy compleja 
con áreas lipofílicas e hidrofílicas, insoluble en solventes no polares 
como cloroformo, éter y acetona. Debido a su carácter anfótero resulta 
bastante soluble en agua o disolventes miscibles con agua, siendo 
fundamentalmente el etanol y metanol los más utilizados para realizar su 
extracción. 
 
X. Mecanismo de acción de la palitoxina 
 
El mecanismo de acción de la palitoxina continúa siendo poco claro, 
trabajos recientes sugieren especificidad en su modo de acción para las 
bombas Na+/K+ y posiblemente la bomba H+/K+ (Hilgemann 2003). 
 
Lo que si se sabe con certeza es que la palitoxina se une a la bomba 
Na+/K+ transformándola en un canal iónico a través del cual los iones 
Na+ y K+ pueden fluir fácil y rápidamente a favor de su gradiente de 
concentración (aproximadamente un millón de veces más rápido de lo 
que la propia bomba puede moverlos en dirección contraria) (Artigas & 
Gadsby 2003b, Hilgemann 2003). 
 
La ATPasa sodio/potasio ó bomba de sodio (figure 4) es una enzima que 
establece y mantiene el gradiente electroquímico de los iones sodio y 





Este gradiente sirve como fuente de energía para diversas actividades 
celulares como el transporte activo de ciertos solutos, regulación del 
volumen celular y restauración del potencial de membrana en membranas 
eléctricamente excitables (Price & Lingrel 1988).  
 
De forma general, esta enzima es un componente de la membrana 
plasmática y transporta los iones Na+ y K+ gracias a la hidrólisis del ATP. 
Así por cada molécula de ATP hidrolizada se intercambian 3Na+ del 
medio intracelular por 2K+ del medio extracelular (figure 4). De este 
modo es como la bomba de sodio contribuye substancialmente al 
mantenimiento del potencial de membrana de la célula, proporcionando 
la base para la comunicación neuronal y contribuyendo a la regulación 




figura 4. Esquema de la bomba de sodio (www.bolivar.udo.edu.ve) 
 
La unión del ATP y las reacciones de fosforilación-defosforilación dan 
lugar a los cambios conformacionales que alternativamente abren y 
cierran cada puerta para el intercambio de iones hacia el interior o 
exterior de la célula mientras asegura que ambas puertas nunca se 




La bomba de sodio presenta dos estados conformacionales E1 y E2 
implicados en su mecanismo catalítico (figura 4). Dicho proceso se puede 
sintetizar en los 6 pasos que se desarrollan a continuación (Figure5): 
 
1er paso: Elevada afinidad del ión Na+ y del ATP por la conformación E1 
de la enzima. 
 
2º paso: Ocurre la fosforilación del residuo aspartato por transferencia del 
fosfato en posición gamma del ATP. 
 
3er paso: 3 iones Na+ son ocluídos con la enzima en estado fosforilado. 
Tras la conformación E2P3Na+ la enzima pierde su afinidad por el Na+ 
mientras que se incrementa la afinidad por el K+. Finalmente 3 iones Na+ 
son liberados al espacio extracelular. 
 
4º paso: Los iones K+ son capturados 
 
5º paso: La unión del K+ a la enzima induce una defosforilación 
espontánea del estado E2P permitiendo la oclusión de 2 iones K+ 
[E2(2K+)]. 
 
6º paso: El aumento de ATP intracelular promueve la liberación de K+ de 
la conformación E2(2K+) cuya afinidad por el ATP es muy baja y la 
recuperación de la conformación E1ATPNa. 
 
En presencia de palitoxina la bomba se comporta como un canal iónico 
con dos puertas, una accesible del lado citoplasmático y otra accesible 
desde el espacio extracelular, cuya apertura y cierre vienen regulados por 
interacciones con los principales ligandos fisiológicos de la bomba. Por 
lo general, cuando las células ganan iones sodio también ganan iones 
cloruro y la ganancia neta de sales genera un flujo osmótico de agua 
hacia el interior de las células (normalmente a través de acuaporinas) que 
finalmente da lugar a la lisis de la célula. 
 
Al convertirse la bomba en un canal iónico por efecto de la palitoxina, la 
concentración de sodio en el espacio citoplasmático aumenta hasta 
igualar la concentración extracelular mientras que la de potasio 
disminuye en el citosol hasta igualar el nivel extracelular con lo que 
finalmente se paraliza el movimiento activo de iones (Hilgemann 2003). 
La probabilidad de apertura de los canales unidos a palitoxina puede 
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variar sistemáticamente por alteraciones en la concentración externa de 
Na+ y K+, en la concentración interna de nucleótidos y/o el estado de 
fosforilación, lo cual indica que la palitoxina no distorsiona la estructura 
de la bomba de forma permanente ni drástica, de hecho los efectos de la 
palitoxina son totalmente reversibles (Humphrey et al. 2002, Artigas & 
Gadsby 2003b). 
La modificación que induce la palitoxina en la proteína consiste en dos 
pasos (Harmel & Apell 2006) (Figure 5): 
 1. Unión de la toxina, en un primer paso a un lugar específico del 
dominio extracelular de la bomba iónica 
 2. Cambio conformacional transformando la bomba en un canal 
iónico transmembrana. 
El mecanismo de acción de la palitoxina puede explicarse mediante una 
extensión del ciclo post-Alberts en el cual 3 estados adicionales a partir 
del estado E2P permiten el cambio conformacional que da lugar a un 
canal iónico abierto y que recupera el ciclo de la bomba en el estado 
ocluído E2 (Harmel & Apell 2006) (figura 5). 
 
Se piensa que la palitoxina inhibe de forma reversible la enzima 
uniéndose en la conformación E2P ó E2 (Humphrey et al. 2002, Artigas 
& Gadsby 2003b) (Figure 5).  
 
A continuación se produce una modificación del dominio transmembrana 
transformándolo en un canal iónico abierto y modificando la afinidad de 
los iones por sus sitios de unión en el dominio transmembrana que se 
incrementa para el Na+ y los protones (H+). 
 
Posiblemente debido a su función llave en la fisiología celular y en 
consecuencia de la totalidad del organismo, la bomba de sodio ha sido 
diana de otras toxinas producidas tanto por plantas como animales. Así, 
su actividad se ve inhibida de forma específica por un grupo de 
esteroides presentes en la naturaleza denominados esteroides cardiacos ó 
glicósidos cardiacos, como la ouabaina y digitalis, o por otras substancias 
como la sanguinarina procedente de la planta Sanguinaria canadensis, 
todas ellas, inhibidores específicos de la bomba. 
 
Al igual que la palitoxina, los esteroides cardiacos y probablemente la 
sanguinarina transforman la enzima en un canal abierto de forma 
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permanente. Sin embargo, los primeros inhiben la hidrólisis de ATP y la 
conducción de iones, mientras que la palitoxina actúa bloqueando el 
ionóforo de la bomba que se mantiene permanentemente en estado 
abierto (Scheiner-Bobis et al. 2002). En todos los casos, las interacciones 
toxina/receptor provocan la pérdida del potencial de membrana, una 
situación fatal para la célula y en consecuencia para el organismo. 
La desporalización de la membrana inducida por la palitoxina y la 
formación de un canal iónico son antagonizados por la ouabaina (Soung 
et al. 1995). La interacción entre ouabaina y la ATPasa es un proceso 
lento, particularmente en presencia de K+ externo (Akera 1984). Así, para 
que se manifieste el antagonismo debe darse suficiente tiempo a la 












figura 5. Ciclo post-Alberts, mostrando la modificación inducida por la 
palitoxina. (Na3)E1P, (K2)E2, (K2)ATP·E2 son estados ocluidos. 
 
XI. Métodos de determinación 
 
En la actualidad no existe un método oficial reconocido para la 






















































posibilidades desarrolla su metodología particular, haciéndose necesaria 
la combinación de varios métodos, ya bien analíticos o ensayos 
biológicos, para poder confirmar la presencia de palitoxina en una 
muestra. 
 
XI.A. Métodos de análisis químicos 
 
En la bibliografía podemos encontrar ejemplos de los siguientes métodos 
de tipo químico-analítico: 
 
Cromatografía en capa fina 
 
La cromatografía en capa fina o más comúnmente TLC (thin layer 
chromatography) es una técnica cromatográfica utilizada, entre otros 
posibles usos, para separar los componentes puros que forman parte de 
una mezcla Esta técnica ha sido particularmente útil para el aislamiento 
de un isómero fluorescente de la palitoxina a partir del cangrejo L. Pictor 
(Lau et al. 1993, Lau et al. 1995). Para detectar la toxina se pulverizan las 
placas con una mezcla de ácido sulfúrico:metanol (1:1) a 150 ºC o bien 
con ninhidrina a 80 ºC, en cuyo caso la toxina aparece como una mancha 
de color púrpura. Alternativamente, la toxina puede ser detectada 
exponiendo las placas a vapor de yodo en una cámara, en cuyo caso la 
palitoxina aparece como una mancha de color amarillo (Habermann et al. 
1981, Fukui et al. 1987, Lau et al. 1993).  
 
Analisis de infrarrojos 
 
El espectro infrarrojo de la palitoxina purificada o sus congéneres 
muestra una banda característica a 1670 cm-1 debida a la presencia en la 
molécula de un grupo carbonilo amida α,β-insaturado. Se trata de un 
método escasamente utilizado, fundamentalmente porque requiere un 
material muy purificado y la información que da es únicamente de tipo 
cualitativo. Se encuentran un par de citas en la bibliografía y bastante 
antiguas (Moore & Scheuer 1971, Beress et al. 1983). 
 
Electroforesis capilar de alta eficacia 
 
Es una herramienta de detección e identificación muy sensible, con un 
límite de detección ultravioleta para la palitoxina de 0.5 pg, siendo la 
sensibilidad para la detección 2 veces mayor a 230 nm que a 263 nm 
(Mereish et al. 1991b). Uno de los principales inconvenientes de esta 
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técnica es la dificultad para trabajar con muestras biológicas puesto que 
el material a analizar debe estar muy purificado. 
 
Cromatografía líquida de alta eficacia 
 
Esta herramienta analítica ha sido ampliamente utilizada para la 
detección e identificación de palitoxina obtenida de muy diversas 
fuentes, corales, cangrejos, erizos, peces, dinoflagelados.... La elución de 
la toxina se lleva a cabo fundamentalmente a través de columnas C18 de 
fase reversa (Yasumoto et al. 1986, Lau et al. 1993) o también de modo 
mixto (Corpuz et al. 1995, Lau et al. 1995) mediante un sistema 
isocrático o de gradiente, consistiendo la fase móvil en una mezcla de 
agua con acetonitrilo o metanol aproximadamente al 50% y que en 
algunos trabajos se acidifica con una pequeña cantidad de ácido 
trifluoracético (0.1%) (Mereish et al. 1991b). La detección ultravioleta se 
realiza a 230 nm. 
 
Determinación de absorción ultravioleta 
 
El espectro ultravioleta de la palitoxina muestra dos picos de absorción 
debidos a los cromóforos a 230 nm y 263 nm, siendo la intensidad del 
primero aproximadamente el doble que la del segundo. Este perfil de 
absorción ultravioleta característico de la molécula de palitoxina ha sido 
un parámetro ampliamente utilizado para verificar la presencia de la 
toxina. Debido a que esta toxina presenta una potente actividad biológica 
a concentraciones extremadamente bajas el principal inconveniente de 
esta técnica radica en la dificultad para obtener cantidad suficiente de 
material lo bastante purificado para poder llevar a cabo su determinación, 
que aunque específica presenta una sensibilidad muy pobre (Onuma et al. 
1999, Granéli et al. 2002, Lenoir et al. 2004, Riobó et al. 2004a, Penna et 
al. 2005).  
 
Espectrometría de masas 
 
Esta técnica, acoplada a la cromatografía líquida, permite detectar la 
presencia de palitoxina además de analizar las diferencias estructurales 
entre los distintos análogos. El perfil de espectrometría de masas de esta 
molécula muestra la pérdida de moléculas de agua que se justifica por el 
elevado número de grupos hidroxilo presentes en la molécula. Además, 
en gran cantidad de análogos se produce una ruptura entre los carbonos 8 
y 9 de la molécula de la toxina con la pérdida adicional de una molécula 
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de agua generando un fragmento característico a m/z 327 (Uemura et al. 
1985). 
 
XI:B. Ensayos biológicos 
 
Estos métodos resultan, en general, extremadamente sensibles. Se basan 
en las propiedades funcionales de la molécula o bien en su actividad 
biológica. 
 
Bioensayo de ratón 
 
El extracto crudo conteniendo la toxina se inyecta generalmente vía 
intraperitoneal al ratón. Seguidamente los ratones inyectados se observan 
cuidadosamente tomando nota de los tiempos de inicio de 
sintomatología, los tiempos de muerte y los síntomas. Este ensayo 
permite caracterizar las toxinas presentes en nuestra muestra o inclusive 
indicar la presencia de nuevas toxinas pero no puede ser empleado como 
herramienta de cuantificación en el caso de la palitoxina. Este método se 
desarrolla ampliamente en los contenidos de esta tesis donde se discute 
sobre su actual aplicación en distintos laboratorios, se describen 
detalladamente los síntomas y mediante un riguroso tratamiento 
estadístico se lleva a cabo la determinación de la LD50 para el bioensayo 




Este ensayo se basa en la capacidad de la palitoxina de romper los 
glóbulos rojos liberando al medio la hemoglobina, cuya medición se 
realiza a 405 nm. La confirmación de la identidad de la toxina puede 
llevarse a cabo ya bien con el anticuerpo o con el antagonista (Ouabaina) 
(Habermann & Chhatwal 1982a, Riobó et al. 2008a). El primero no se 
comercializa, de ahí la dificultad de la mayoría de los laboratorios para 
poder trabajar con él. La Ouabaína, sin embargo, es un compuesto de 
fácil adquisición que además se mantiene estable en el tiempo y a 
temperatura ambiente.  
 
El test de hemolisis constituye un método muy rápido y sensible para la 
determinación de palitoxina. Esta toxina tiene la particularidad de 
desarrollar su acción hemolítica lentamente, resultando en un perfil 
sigmoidal de actividad hemolítica muy característico y haciéndose 
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necesario un periodo de incubación bastante largo y que va a venir 
determinado por la temperatura de incubación (Habermann et al. 1981). 
 
Además de su sensibilidad, otra de las ventajas de este método que lo 
hacen muy conveniente para su utilización rutinaria en cualquier 
laboratorio, es que se trata de un análisis sencillo que se puede llevar a 
cabo en microplacas de 96 pocillos, lo que permite analizar un elevado 
número de muestras de cada vez. Todo el material empleado es de fácil 
adquisición y la reacción puede realizarse a temperatura ambiente si no 
se dispone de incubador. Para medir la hemoglobina liberada por los 
glóbulos rojos al romper, se recogen los sobrenadantes y se mide la 
absorbancia con un espectrofotómetro a 405 nm. 
 
Uno de los objetivos de esta tesis, y que a su vez a dado lugar a la 
publicación de un artículo (Riobó et al. 2008a), ha sido el estudio en 
profundidad de la actividad hemolítica debida a la palitoxina: su 
dinámica toxicológica, cinética, la inhibición por la ouabaína, y la 
influencia de la temperatura. Como resultado se propone un método más 
estable que los utilizados habitualmente con una respuesta reproducible y 
que en consecuencia puede emplearse a nivel cuantitativo con un error 
experimental aceptable. 
 
Ensayos de toxicidad celular 
 
Son ensayos muy sensibles que permiten la rápida detección de la toxina 
tanto en muestras de extracto crudo como en fracciones purificadas. Para 
ello se observan con detenimiento los cambios de las células a nivel 
morfológico, como el aumento de granulación y/o el redondeo de la 
célula culminando en un daño celular extenso y en la ruptura de la célula 
(Tan & Ten-Hage 1972, Lau et al. 1993, Lau et al. 1995). Dado que la 
respuesta está ligada al mecanismo de acción de la toxina sobre células 
en cultivo, se correlaciona bien con la toxicidad real, de modo que podría 
emplearse no sólo a nivel cualitativo, sino como una herramienta semi-
cuantitativa (midiendo el daño celular con un espectrofotómetro). El 
mayor inconveniente que plantean es que requieren mucho 
entrenamiento, el mantenimiento de cepas de células viables, resultan 







Liberación de potasio 
 
La palitoxina induce una rápida liberación de potasio en células vivas, 
antes inclusive de la inhibición de procesos sodio dependientes o la 
hemólisis. Se trata de un proceso dependiente de la concentración de 
toxina que puede ser medido mediante un fotómetro de llama o un 
espectrómetro de absorción atómica (Tan & Abkowitz 1979, Habermann 




Se trata de un método muy sensible que permite detectar la presencia de 
palitoxina y/o análogos en fluidos biológicos y en extractos de tejidos en 
un rango picomolar mediante marcaje de la palitoxina con 125I (Levine et 
al. 1988). Este método puede emplearse para el seguimiento de las 
fracciones tóxicas durante el proceso de purificación para confirmar la 
presencia de palitoxina. Si bien este método resulta bastante específico 
para palitoxina no permite distinguir entre palitoxinas biológicamente 
activas e inactivas. Otro inconveniente para su utilización es que se 
precisan anticuerpos específicos para palitoxina, los cuales no se 
encuentran disponibles en el mercado en la actualidad y cuya producción 
no está al alcance de cualquier laboratorio (Levine et al. 1987). 
 
Inmunoensayo enzimático de anticuerpos monoclonales 
 
Este ensayo fue desarrollado para medir palitoxina en muestras 
biológicas (Bignami et al. 1992). Estos inmunoensayos son muy 
sensibles, específicos y no presentan reacciones cruzadas con otras 
toxinas marinas aunque sí con ciertas preparaciones no tóxicas de 
palitoxina. Su principal ventaja frente al radioinmunoensayo cuya 
duración es de 24 h, es la reducción a 2-4 h además de la eliminación del 
uso de palitoxina radiomarcada. Su principal inconveniente, al igual que 






















La presencia de ficotoxinas en alimentos de origen marino ha tomado una 
gran relevancia en los últimos años, algunas de ellas de un gran potencial 
toxico como es el caso de la palitoxina, este amenaza puede llegar ser 
más real que posible sobre todo con la aparición del género Ostreopsis en 
aguas del Mediterráneo y las zonas de la Macaronesia como productor de 
la toxina. Aún no se han dado casos de intoxicación demostrada por 
palitoxina aunque se sospecha que sea el posible causante del ingreso en 
hospital de bañistas en Italia y España afectados de molestias en la piel, 
ojos y pulmón al coincidir con fuertes aumentos de Ostreopsis en las 
playas frecuentadas por turistas; y todo ello no está claro a pesar de los 
avances realizados en los métodos de análisis básicamente por LC-MS 
(Ciminiello et al. 2006). 
 
En el momento de iniciar este estudio existían métodos de tipo biológico, 
bioensayo de ratón y actividad hemolítica retardada capaces, el primero 
de cualificar la presencia de toxina y efectuar una determinación más 
bien semicuantitava y el segundo, de gran sensibilidad, de cuantificar la 
palitoxina, sin embargo la posibilidad de que existan análogos de 
diferente toxicidad o actividad implican la necesidad de efectuar un 
análisis más discriminatorio como es una separación y detección lo más 
específica posible. 
 
A la vista de las limitaciones que presentaban los métodos químicos y 
biológicos para el análisis de palitoxina en muestras naturales, en la 
presente memoria se plantean los siguientes objetivos: 
 
1. Aislar y caracterizar diferentes cepas de Ostreopsis tanto del Área 
Mediterránea como de la Macaronesia y cultivarlas en 
laboratorio.  
 
2. Escalar cultivos de Ostreopsis en condiciones controladas para 
generar biomasa a partir de la cual extraer palitoxinas para su 
estudio. 
 
3. Mejorar las técnicas cromatográficas existentes y desarrollar 
métodos de purificación de la muestra que eviten interferencias en 
la separación y detección de palitoxina y sus posibles análogos. 
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4. Desarrollar un nuevo método para la detección de palitoxina, 
previa derivatización, por CL con detección por fluorescencia y 
espectrometría de masas. 
 
5.  Aplicar a extractos de Ostreopsis el método de separación y 
detección desarrollado y comparar con los otros métodos 
empleados. 
 
6. Revisar y mejorar el método de actividad hemolítica y el 
bioensayo de ratón para palitoxina descritos en la bibliografía y 
utilizar esa información para el análisis de la palitoxina producida 
por los cultivos de Ostreopsis. 
 
7. Discutir las ventajas y limitaciones de las metodologías 
estudiadas, y proponer su posible aplicación en el control de 
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RESULTADOS Y DISCUSIÓN 
 
Como se ha aclarado en la Introducción, aunque es cierto que en un 
pasado cercano las distintas especies de Ostreopsis se localizaban 
fundamentalmente en ambientes marinos de zonas tropicales y 
subtropicales; en la actualidad han ampliado su distribución de forma 
notable, debido probablemente a la acción del hombre a través de la 
globalización, el cambio climático o la eutrofización de las aguas (figura 
2 y tabla 1).  
 
  
Tabla 1: Cepas de Ostreopsis pertenecientes a la CCVIEO  
analizadas en la presente tesis y sus localizaciones 
  
Cepas Localización 
OS06BR Atlántico, Río de Janeiro, Brasil 
OS03BR Atlántico, Río de Janeiro, Brasil 
OS01BR Atlántico, Río de Janeiro, Brasil 
OS15BR Atlántico, Río de Janeiro, Brasil 
OS1V Mediterráneo, Almería, España 
OS2V Mediterráneo, Almería, España 
OS5V Mediterráneo, Almería, España 
OS3V Mediterráneo, Almería, España 
CNR-B4 Mediterráneo, Mar Tirreno, Ganzirri, Italia 
CNR-D1 Mediterráneo, Mar Tirreno, La Spezia, Italia 
CNR-A1 Mediterráneo, Mar Tirreno, Gioia Tauro, Italia 
CNR-Z1 Mediterráneo, Mar Balear, Paguera, España 
OS21AM Mediterráneo, Almería, España 
CSIC-D5 Mediterráneo, Cataluña, España 
CSIC-D7 Mediterráneo, Cataluña, España 
VGO610 Atlántico, Bahía de Abra, Islas de Madeira 
VGO611 Atlántico, Bahía de Abra, Islas de Madeira 
VGO613 Atlántico, Bahía de Abra, Islas de Madeira 
VGO614 Atlántico, Bahía de Abra, Islas de Madeira 
VGO769 Atlántico, Pta. Hidalgo, Tenerife, Islas Canarias 
VGO820 Mediterráneo, Mar Cataluña, España 
VGO693 Mediterráneo, Sousse, Túnez 
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Si bien se ha encontrado palitoxina en distintos animales marinos 
(Hashimoto et al. 1969, Yasumoto et al. 1986, Mahnir & Kozlovskaja 
1992, Gleibs et al. 1995, Gleibs & Mebs 1999, Taniyama et al. 2003) y 
existen suficientes casos documentados de intoxicación por consumo de 
peces y crustáceos (Fukui et al. 1987, Alcala et al. 1988, Kodama et al. 
1989, Yasumoto 1998, Onuma et al. 1999, Taniyama et al. 2002) ni el 
género Ostreopsis, ni las palitoxinas están incluídos actualmente en 
programas de vigilancia; por ello se propone que este género sea 
controlado, en particular en las áreas mediterráneas y subtropicales, por 
el posible peligro de introducción de palitoxinas en la cadena trófica con 
el consiguiente riesgo de intoxicaciones alimentarias. 
 
Capítulo 1: Cultivos de Ostreopsis y determinación de palitoxinas 
 
Es un hecho ampliamente reconocido que las toxinas pueden ser 
asimiladas por moluscos bivalvos filtradores y, a través de la cadena 
alimentaria, pasar al hombre. Para abordar la detección y cuantificación 
de toxinas en muestras de pequeño tamaño son habituales los ensayos 
funcionales in vitro, cultivos celulares y técnicas cromatográficas. Dichas 
técnicas precisan de cantidades importantes de la toxina purificada, pero 
debido a las dificultades de adquisición de las mismas a partir de casas 
comerciales, a que las poblaciones naturales de microalgas nocivas se 
presentan a menudo en bajas concentraciones y a que no se puede esperar 
la aparición de un afloramiento natural, se hace necesario el aislamiento 
de las especies de interés y la producción masiva de cultivos que nos 
proporcionen la cantidad necesaria de dicha toxina para su posterior 
aislamiento y purificación tanto para estudios toxicológicos como de 
estándar a nivel analítico.  
 
El primer objetivo ha sido aislar y caracterizar diferentes cepas de 
Ostreopsis y cultivarlas en laboratorio, para ello en la presente tesis se ha 
trabajado con cepas de dinoflagelados del género Ostreopsis 
pertenecientes a la CCVIEO y procedentes de diversas localizaciones 
(figura 2 y tabla 1).  
 
Debido al carácter bentónico de este género y a la mucosidad que 
secretan las células al medio, en la cual quedan incluidas (figura 6), se 
hace muy complicada la homogeneización del cultivo a la hora de 
adquirir alícuotas representativas que permitan la determinación de las 
curvas de crecimiento.  
 
Resultados y discusión 
55 
A causa de esta dificultad, se descartaron los clásicos conteos celulares 
en cámara de recuento de muestras fijadas con lugol para el seguimiento 
de las curvas de crecimiento en las cepas de Ostreopsis y se optó por la 
lectura visible de la clorofila-a con metanol al 100%. Está decisión se 
apoyó en la excelente correlación entre los recuentos celulares y los 
valores de clorofila-a visible obtenida con la cepa Protoceratium 












figura 6. (A) Muestra de Ostreopsis spp. recogida a partir de macroalgas 
en muestreo de campo (Llavaneras, julio 2007). (B) Células vivas en 
cultivo, de una cepa de Ostreopsis siamensis perteneciente a la CCVIEO 

























figura 7. Correlación entre los recuentos celulares y los valores de 
clorofila-a visible obtenida con la cepa Protoceratium reticulatum 
(GG1AM) perteneciente a la CCVIEO.  
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donde el valor de ε “coeficiente de extinción de la clorofila en MeOH 
100%” es 0.0753 y se corresponde con el valor de la pendiente de la recta 
de calibrado del patrón de Clorofila-a disuelto en dicho disolvente 
orgánico (figura 8). El control del pH a lo largo del cultivo, así como las 
mediciones de fluorescencia “in vivo” y el seguimiento del consumo de 
nutrientes nos sirven para evaluar el estado de las células en el cultivo 
(Capítulo 1.1 y Capítulo 1.2). 
 
















figura 8. Recta de calibrado del patrón de Clorofila a disuelto en MeOH 
100%. 
 
Además de verificarse la viabilidad de los cultivos de Ostreopsis en 
distintos volúmenes y modalidades (agitación, aireación ...); todas las 
cepas de Ostreopsis analizadas (figura 4 y tabla 1) resultaron tóxicas con 
características similares a la palitoxina; afirmación que viene avalada por 
los síntomas observados en el bioensayo de ratón por inyección i.p., por 
el perfil de actividad hemolítica retardada característico de las palitoxinas 
encontrado en todas las muestras de Ostreopsis analizadas, así como la 
inhibición de dicha actividad en presencia de Ouabaina (Capítulo 1.1, 
figura1) y por los análisis cromatográficos realizados que resultaron 
positivos en todos los casos, en este sentido el análisis de las muestras 
Abs 665 nm– Abs 750 nm
ε
x volumen MeOH (mL) x 1000
volumen filtrado (mL)
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mediante LC-DAD reveló la presencia en todas las muestras de 
Ostreopsis de un pico eluyendo en el mismo tiempo de retención que el 
patrón y con el mismo espectro UV, con máximos de absorción a 230 nm 
y 263 nm (Capítulo 1.1, figura 6). Por su parte la espectrometría de 
masas, mediante trampa iónica y en modo electrospray positivo mostró 
semejanzas para el estándar de Palythoa tuberculosa y los componentes 
tóxicos presentes en las muestras de Ostreopsis (Capítulo 1.2, figuras 7 y 
8). Así, en ambos casos se observó el ión de doble carga, con una masa 
similar y el patrón de deshidrataciones seriadas a partir del mismo que 
induce la pérdida de varias moléculas de 18 Da. 
 
El segundo objetivo de esta tesis ha sido el cultivo de Ostreopsis y su 
escalado en condiciones controladas, con el fin de generar suficiente 
cantidad de biomasa a partir de la cual extraer las palitoxinas, para llevar 
a cabo ensayos biológicos y estudios sobre metodologías analíticas. Para 
ello, una de las cepas de Ostreopsis, procedente de Brasil (OS01BR), fué 
seleccionada para escalar a un volumen de cultivo de 100L por su tasa de 
división y su toxicidad elevadas (Capítulo 1.2, figura 2).  
 
Al final del cultivo, aproximadamente a los 20 días, las células se 
separaron del medio por filtración inversa y se procedió a la extracción 
de la toxina mediante la utilización de disolventes orgánicos.  
 
El agua procedente del filtrado del cultivo y que fue concentrada 
mediante ultrafiltración no mostró actividad hemolítica poniendo de 
manifiesto que la toxina permanece en las células y no se secreta al 
medio. Por su parte el extracto orgánico obtenido a partir de las células se 
utilizó en crudo para determinación de toxicidad mediante bioensayo de 
ratón (Capítulo 1.1, tabla 2) y ensayo de actividad hemolítica (Capítulo 
1.1, figure 1) y fué parcialmente purificado para su análisis mediante LC-
DAD (Capítulo 1.1, figure 5) y LC-MS (Capítulo 1., figure 7). 
 
En la presente tesis se recoge la primera cita de la presencia de dos 
especies del género Ostreopsis en el Mediterráneo (O. cf. siamensis y O. 
ovata) y se confirma, también por primera vez, la producción de 
palitoxina y/o análogos por varias cepas de estas Ostreopsis  del 
Mediterráneo (Capítulo 1.3 y 1.4) (Riobó et al. 2004a, Penna et al. 2005). 
 
Las comparaciones morfológicas basadas en los análisis de forma y 
tamaño celular, así como en las placas y ornamentación de las tecas, 
revelan la existencia de dos especies de Ostreopsis distintas en el 
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Mediterráneo Occidental: O. cf. siamensis Schmidt procedente de 
Cataluña, Andalucía y las Costas de Sicilia y O. ovata Fukuyo 
procedente de la Costa de Liguria, Sur del Mar Tirreno e Islas Baleares 
(Capítulo 1.4, figures 3 y 4). 
 
Los estudios morfológicos son a su vez corroborados por análisis 
filogenéticos; de modo que todas las cepas de O. cf. siamensis aisladas en 
el Mediterráneo Occidental mostraron las secuencias ITS y 5.8S rDNA al 
igual que las cepas de O. ovata. Sin embargo, se determinó una elevada 
diversidad genética entre las cepas de O. ovata procedentes tanto del 
Mediterráneo Occidental como de Brasil, con las aisladas en Asia 
(Capítulo 1.4, figure 7). 
 
Cuando en ocasiones, las cuestiones taxonómicas pueden resultar 
controvertidas o polémicas, los perfiles de composición de toxinas 
pueden actuar como posibles “fingerprints”. Así, en el género 
Alexandrium Halim, algunas especies pueden producir toxinas y otras no 
(Scholin & Anderson 1994, Medlin et al. 1998).  
Los estudios toxinológicos llevados a cabo con nuestras cepas de 
Ostreopsis  con la metodología existente hasta ese momento, revelaron 
que ambas especies son tóxicas pero no se pudieron encontrar diferencias 
a nivel toxinológico entre ambas; de ahí la necesidad de mejorar tanto las 
técnicas analíticas como biológicas para poder detallar los perfiles de 
toxinas de las distintas especies y disponer de herramientas que resulten 
fiables a nivel cuantitativo (Capítulo 1.3 y 1.4) (Riobó et al. 2004a, 
Penna et al. 2005). 
 
Capítulo 2: Desarrollo de un método de cromatografía líquida para 
determinación de palitoxina con derivatización precolumna y 
detección fluorescente. 
 
Para confirmar la presencia de palitoxina en una muestra se requiere la 
combinación de métodos tanto analíticos como biológicos. A nivel 
analítico los más empleados habitualmente son LC-DAD y LC-MS pero 
en la actualidad presentan importantes limitaciones. Así, el método LC-
DAD tiene una respuesta muy pobre que incluso disminuye notablemente 
debido a las interferencias presentes en las matrices biológicas. 
 
Por su parte el método de LC-MS resulta útil en la detección de 
palitoxina y en el análisis de las diferencias estructurales entre los 
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distintos análogos en base a las similitudes entre el patrón y las muestras. 
En cuanto al patrón de fragmentación normalmente sólo se obtienen 
deshidrataciones seriadas de la molécula y la pérdida de un fragmento 
característico de m/z 327(Capítulo2, figure 1). En teoría podría utilizarse 
este fragmento para cuantificar, pero debido a la baja intensidad que se 
obtiene del mismo (Capítulo 2, figure 6) y a que pueden existir análogos 
que no lo generen, su aplicación real no es posible. 
 
De ahí la necesidad de mejorar las técnicas analíticas existentes, que es el 
tercer objetivo de esta tesis. En este sentido, en el Capítulo 2 (Riobó et al. 
2006) se presenta un nuevo método de cromatografía líquida para 
determinación de palitoxinas, en el que se aplica por primera vez la 
derivatización precolumna y detección por fluorescencia de la palitoxina. 
 
Debido a la presencia de un grupo amino terminal y dos aminos 
secundarios en la molécula de palitoxina (Capítulo 2, figure 1), es posible 
que ésta se derivatice con AccQ, un conocido reactivo fluorógeno para 
aminoácidos, elegido por su fácil manipulación, porque la reacción es 
muy rápida y estable y porque el exceso de reactivo se hidroliza 
espontáneamente sin interferir en la separación cromatográfica (Capítulo 
2, figure 2). 
 
La palitoxina derivatizada fluoresce intensamente a 395 nm cuando se 
excita a 250 nm (Capítulo 2, figure 5). Aunque la palitoxina tiene varios 
grupos amino, se confirma por LC-MS que la reacción se produce en el 
amino terminal, dado que los dos amino secundarios se localizan en el 
fragmento de m/z 327 cuya relación masa/carga no se ve alterada por la 
reacción de derivatización (Capítulo 2, figures 6 C, D).  
 
El LOD se define como la cantidad de palitoxina derivatizada que da una 
respuesta de tres veces el área media de los picos de ruido de la línea 
base del cromatograma. Con las condiciones aquí descritas este valor es 
de 0.75 ng (Capítulo 2, Tabla 4). 
 
El LOQ se define a su vez como la cantidad de palitoxina derivatizada 
que da una respuesta de diez veces la altura media de los picos que 
constituyen el ruido de fondo en el cromatograma de la linea base. Con 
las condiciones aquí descritas se establece este valor en 2 ng (Capítulo 2, 
Tabla 4). 
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El método LC-FLD propuesto fué aplicado con éxito en la determinación 
y cuantificación de palitoxina en 14 muestras de Ostreopsis de 
procedencia diversa (Costa Oeste Mediterránea, Islas Canarias, Islas de 
Madeira y Costa Sur Brasileña) (Capítulo 2, Tabla 2), resultando un 
método muy robusto, lo cual se demuestra por la excelente correlación 
hallada con los resultados obtenidos mediante el ensayo hemolítico 
(Capítulo 2, figure 7). Además este método es mucho más sensible que el 
LC-DAD y 10 veces más sensible que el LC-MS.  
 
Capítulo 3: Ensayos biológicos para determinación y cuantificación 
de palitoxinas 
 
Si bien los métodos analíticos son necesarios para confirmar la presencia 
de palitoxina, los ensayos biológicos permiten su detección y 
cuantificación y tienen la ventaja de definir síntomas característicos en 
modelos de diferente complejidad (ratones, células...). A pesar de los 
problemas éticos y logísticos inherentes a los bioensayos con mamíferos, 
tales ensayos se utilizan ampliamente en el seguimiento de ficotoxinas 
marinas por su fiabilidad. Su principal ventaja frente a los análisis físico-
químicos o métodos in vitro, es que la determinación de la toxicidad se 
puede considerar directamente proporcional a los efectos tóxicos en 
humanos.  
 
Se trata de ensayos rápidos que no precisan de equipamientos complejos 
o costosos procesos de preparación de la muestra, además, la 
determinación de la toxicidad no requiere la disponibilidad de patrones 
para todos los análogos con interés toxicológico como sucede con los 
métodos instrumentales analíticos. Los bioensayos permiten chequear en 
una matriz poco conocida la presencia de componentes tóxicos 
pobremente definidos o inclusive desconocidos que podrían tener 
repercusión en la salud pública. Es por ello, que una descripción 
cuidadosa y detallada de la sintomatología en el ratón es de vital 
importancia a este nivel para dar la primera alerta sobre la presencia de la 
toxina.  
 
En el Capítulo 3.1 (Riobó et al. 2008b) se describe más cuidadosamente 
la sintomatología desarrollada por el ratón tras la inyección de palitoxina 
vía i.p. Siendo la primera vez que se concretan los síntomas iniciales 
registrados en los primeros 15 minutos: estiramiento de las extremidades 
posteriores y arqueamiento cóncavo de la columna en su tercio final, que 
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se van a manifestar siempre que se administre palitoxina, ya bien sea una 
dosis letal para el ratón o subletal (figura 9). 
 
El siguiente objetivo planteado en este trabajo surge ante el actual 
desacuerdo en el bioensayo de ratón con palitoxina, el cual se pone de 
manifiesto a la hora de determinar parámetros básicos como la MU 
(unidad de ratón), LD50 (dosis letal 50) o el límite de detección (Capítulo 








Figure 9 Síntomas iniciales en ratón, tras inyección i.p. de patrón de 
palitoxina. Las flechas señalan el hundimiento de la columna vertebral en 
su tercio final y el arrastre de las patas traseras. 
 
En la actualidad la determinación del parámetro LD50 se lleva a cabo 
mediante transformaciones recíprocas o logarítmicas que resultan muy 
arriesgadas e inducen serias desviaciones en la varianza así como 
dificultades para atribuir los intervalos de confianza, en esté sentido 
podemos encontrar revisando la bibliografía, que el valor de LD50 varía 
entre 0.15 y 0.72 µg/Kg y el tiempo de observación de los ratones entre 4 
y 48 h (Ballantine et al. 1988, Onuma et al. 1999, Tan & Lau 2000, 
Rhodes et al. 2002, Taniyama et al. 2002, Taniyama et al. 2003) 
(Capítulo 3.1, Tabla 2).  
 
Un procedimiento habitual en las últimas décadas para la determinación 
del valor LD50 se basa en las tablas de Thompson y Weil (Thompson & 
Weil 1952). Para aplicar estas tablas se establecen 4 dosis en progresión 
geométrica introduciendo en la tabla el número de ratones muertos para 
cada dosis, de este modo se calcula el valor LD50 y su intervalo de 
confianza con α=0.05 (Capítulo 3.1, figure 4). La ventaja de este método 
para distintos autores radica en su simplicidad y que no está vinculado a 
ningún modelo Dosis-Respuesta en particular, con lo cual se evita el 
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ajuste de complejas curvas matemáticas. Si bien es cierto que evitar el 
cálculo que implican los ajustes no lineares, era muy importante hace 50 
años, hoy día no se justifican con los actuales recursos informáticos. Por 
esta razón se propone evaluar su posible coste en precisión, 
especialmente cuando las toxinas a analizar son muy activas. Mediante la 
aplicación de 2 modelos algebraicos como son el logístico y el modelo de 
Weibull se consigue una descripción adecuada y consistente de la 
dinámica toxicológica de la palitoxina; proporcionando parámetros con 
intervalos de confianza muy satisfactorios, con significado biológico que 
a su vez permite llevar a cabo comparaciones toxicológicas entre 
diferentes sistemas y métodos de evaluación (Capítulo 3.1, Tabla 6 y 
figure 5). 
 
En cuanto al tiempo de observación, se recomienda 24 h en base al 
establecido a nivel internacional para toxinas lipofílicas y en 
consecuencia se define la MU para palitoxina como la cantidad de toxina 
que mata a un ratón al cabo de 24 h desde su inyección i.p. Por su parte, 
mediante la aplicación del modelo de Weibull se establece el valor de 
LD50 para el bioensayo de ratón con palitoxina mediante inyección i.p. en 
294.6 ± 5.384 ng/Kg. 
 
La actividad hemolítica es uno de los métodos biológicos ampliamente 
utilizada para la determinación de palitoxina. Aún cuando este método 
resulta muy sensible, rápido y sencillo, las condiciones actuales bajo las 
que se realiza conllevan que resulte poco adecuado para la realización de 
un tratamiento dosis-respuesta riguroso, dado que produce perfiles 
sigmoidales degenerados con pendiente pronunciada que van a 
determinar que el cálculo de la DR50 sea muy sensible al error 
experimental (Capítulo 3.2, figures 1, 2A). Por otro lado, a la temperatura 
recomendada en la bibliografía, la estabilidad in vitro del sistema es baja, 
acentuando la variabilidad y ambigüedad de la respuesta (Capítulo 3.2, 
figure 4). 
 
Con el objetivo de encontrar una solución a estos problemas en el 
Capítulo 3.2 (Riobó et al. 2008a) se aborda el estudio detallado de la 
dinámica toxicológica de la palitoxina en cuanto a su acción hemolítica, 
la cinética, inhibición por ouabaina y respuesta a la temperatura. 
 
La cinética de la hemólisis a diferentes concentraciones de palitoxina 
incubando a 37 ºC, que es la temperatura utilizada habitualmente en los 
laboratorios, genera unos perfiles sigmoidales con el transcurso del 
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tiempo que podrían ser debidos a alguna de las siguientes causas: (i) la 
acción de algún mecanismo autocatalítico, similar al producido si la 
hemolisis fuera acelerada por alguno de sus productos (ii) la naturaleza 
poblacional del fenómeno DR, que podría explicarse por la variabilidad 
en el número de receptores para palitoxina en la población de eritrocitos, 
o la variabilidad en el número de receptores que pueden ser ocupados 
para que la hemólisis tenga lugar o que la afinidad entre receptor y toxina 
no sea constante en todos los eritrocitos, pero variables con alguna 
distribución de probabilidad en la población de eritrocitos ensayada. 
 
Por otro lado, la elevada sensibilidad de los eritrocitos a la palitoxina, en 
las presentes condiciones genera una respuesta muy brusca, con una 
pendiente muy pronunciada cuyo cálculo es muy sensible al error 
experimental, y que puede dar lugar a graves incorrecciones en su 
aplicación a nivel cuantitativo, para intentar solucionar este problema se 
llevó a cabo un estudio de la influencia de la temperatura sobre la tasa de 
actividad hemolítica mediante su ajuste al modelo de Arrhenius (Capítulo 
3.2, figure 4). El experimento se realizó a 7 temperaturas diferentes entre 
15 y 45 ºC utilizando las mismas concentraciones de eritrocitos y 
palitoxina. Como conclusión 35 ºC resultó ser una temperatura muy 
próxima al dominio de desestabilización térmica del sistema biológico. 
Este resultado explica, sin lugar a dudas, la elevada sensibilidad a 
pequeñas variaciones en las condiciones experimentales y las dificultades 
que se encuentran en los ajustes obtenidos trabajando a 37 ºC, y, en 
cualquier caso, sugiere la necesidad de operar a temperaturas más bajas. 
 
Evaluando la presencia de un inhibidor como la Ouabaina se puede 
decidir entre las hipótesis autocatalítica y poblacional antes mencionadas 
(Capítulo 3.2, figures 6 y 7). En este sentido, los resultados obtenidos 
trabajando con una concentración fija de palitoxina de 0.25 ng/mL en 
presencia de 2, 3, 4 y 5 µM de Ouabaina apoyan claramente la opción 
poblacional. Finalmente, dados los efectos de la temperatura y la 
Ouabaina sobre la respuesta estudiada y con objeto de reducir la aparente 
potencia de la toxina, se lleva a cabo el estudio de la acción simultánea 
de ambos factores mediante 3 nuevas cinéticas a 25 ºC, en ausencia y 
presencia de Ouabaina 1 y 5 µM (Capítulo 3.2, figure 7).  
 
En conclusión, el efecto combinado de disminución de la temperatura a 
25 ºC y la presencia de Ouabaina, contribuyen a la mejora del método 
hemolítico al suavizar la respuesta, creando un perfil sigmoidal  
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característico de las relaciones DR que mejora la correlación entre 
observaciones y predicciones en el modelo bidimensional, que para el 
caso concreto de Ouabaina 5 µM da lugar a valores prácticamente 
indistinguibles. 
 
Como colofón a los resultados obtenidos se propone un método que 
permite cuantificar palitoxina y/o análogos en muestras de matrices 




















































1. Todas las cepas de Ostreopsis analizadas mediante bioensayo de 
ratón y/o actividad hemolítica resultaron tóxicas. Se determina 
por primera vez toxicidad en cepas de Ostreopsis (O. cf. 
siamensis y O. ovata) procedentes del Mediterráneo. Debido a 
ello este género debería tenerse en cuenta en los programas de 
control. 
 
2. Se confirmó mediante LC-DAD y LC-MS, que la toxicidad de 
todas las cepas de Ostreopsis era debida a palitoxina y/o 
análogos. 
 
3. Se desarrolló por primera vez un método LC-FLD para 
determinación de palitoxina previa derivatización de la molécula 
con AccQ. Este método resultó 10 veces más sensible que el 
método de LC-MS descrito en esta tesis y fué aplicado con éxito 
en 14 cepas de Ostreopsis de diferentes localizaciones. 
 
4. Se completa la actual descripción de síntomas en el bioensayo de 
ratón vía inyección i.p. con palitoxina. Se describen por primera 
vez los síntomas iniciales que permiten identificar la presencia de 
la toxina en una muestra en los 15 minutos que siguen a la 
inyección del ratón. 
 
5. Los modelos basados en las relaciones Dosis – tiempo de muerte 
o de supervivencia que actualmente se utilizan para el bioensayo 
de ratón en el campo de las toxinas marinas, generan serias 
ambigüedades y dificultan la obtención de descripciones 
generales. 
 
6. Los modelos Logístico y de Weibull explican la dinámica 
toxicológica de la palitoxina de forma consistente, 
proporcionando parámetros con intervalos de confianza muy 
satisfactorios y con significado biológico inequívoco en los dos 
modelos biológicos estudiados: bioensayo de ratón mediante 
inyección i.p. y ensayo de actividad hemolítica.  
 
7. De acuerdo con el modelo de Weibull se establece que el valor 
LD50 para el bioensayo de ratón mediante inyección i.p. es 294.6 
± 5.384 ng/Kg. 
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8. Se demuestra que el carácter sigmoidal en el tiempo de la 
actividad hemolítica generada por la palitoxina es resultado de un 
mecanismo de tipo poblacional. 
 
9. Bajo las nuevas condiciones propuestas: temperatura de 
incubación 25ºC, tiempo de incubación 24 horas y preparación de 
la suspensión de eritrocitos con una pequeña cantidad de 
Ouabaina (5 µM) se consigue una respuesta estable y 
reproducible. 
 
10. Mediante el ajuste de la curva de calibrado y los resultados 
obtenidos con las muestras al modelo Logístico o al de Weibull, 
el ensayo de actividad hemolítica constituye una herramienta muy 
sensible y fiable a nivel cuantitativo en términos de “unidades 
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CAPÍTULO 1:Cultivos de Ostreopsis y 































































































































































Los principales objetivos de este trabajo han sido estudiar la producción 
de palitoxina y/o análogos en cultivos de dinoflagelados del género 
Ostreopsis y desarrollar las técnicas analíticas adecuadas para la 
determinación de dichas toxinas. Se pusieron en marcha cultivos de 
Ostreopsis siamensis, Ostreopsis ovata y Ostreopsis spp. de diversas 
localizaciones geográficas a partir de los cuales se obtuvieron extractos 
que se analizaron mediante bioensayo de ratón, ensayo hemolítico y CL 




La palitoxina es una de las toxinas marinas más potentes de carácter no 
proteico, con un elevado peso molecular que varía entre 2659 y 2680 Da 
y que actúa a nivel de la ATPasa Na+/K+ presente en la membrana 
celular (Tan & Lau 2000). 
En los últimos años, la intoxicación por palitoxina y/o análogos ha sido 
relacionado con dinoflagelados bentónicos del genero Ostreopsis. Las 
especies de este genero son componentes del bentos y epifitas de algas 
incluyendo además especies que podrían estar relacionadas con el 
síndrome de la ciguatera (Wachi et al. 2000). 
Recientemente, en Andalucía, se dieron síntomas anormales en el 
desarrollo del bioensayo de ratón rutinario para PSP con moluscos; la 
muerte de los ratones sucedía con síntomas atípicos y al cabo de tiempos 
muy largos. En el Centro Oceanográfico de Vigo se recibieron muestras 
de moluscos y agua para su análisis. Del análisis cromatográfico de los 
extractos de las muestras se deduce que la muerte no es por PSP y en la 
columna de agua se encontró una alta densidad de Ostreopsis con escasa 
presencia de especies típicas de PSP. 
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Con motivo de dicho suceso se aislaron distintas cepas de Ostreopsis que 
entraron a formar parte de la colección del centro. 
En este trabajo se presentan los resultados obtenidos sobre la presencia 
de palitoxina en cultivos convencionales de 2 L, de 12 cepas de 
Ostreopsis, pertenecientes a la colección de cultivos del C.O. de Vigo 
(I.E.O.) y un cultivo de 100 L con la cepa OS06BR (procedente de 
Brasil) que generó una biomasa importante para abordar el proceso de 
purificación y aislamiento de la toxina. 
 
MATERIALES Y MÉTODOS 
 
Cultivos de Ostreopsis 
 
Los cultivos stock se mantienen en matraces Erlenmeyer de 100 mL con 
50 mL de medio L1 sin silicatos, una salinidad del 34%, a 23±1ºC, 100 
µEin.m-2.sec-1 producidos por tubos fluorescentes Philips Daylight-54 y 
un fotoperiodo de 12:12 h luz: oscuridad. 
El escalado de los cultivos se lleva a cabo de forma gradual pasando por 
volúmenes intermedios de 100 mL, 250 mL, 500 mL, 1 L y finalmente 2 
L. En la Tabla 1 se hace una relación de las cepas objeto de estudio. 
 
 
Tabla 1. Relación de las cepas que se han analizado, identificación y 
localización.  
 
Especies Clave  Localización






Ostreopsis siamensis OsB4 Mediterráneo. Italia
Os2v Mediterráneo. España
Os3v
Ostreopsis c.f. siamensis Os5v Mediterráneo. España
Os21am
Ostreopsis spp. Vgo611 Atlántico. Madeira
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La cepa de Ostreopsis ovata procedente de Brasil (OS06BR) también se 
cultivó en un volumen de 100 L. El tratamiento del agua de mar, 
preparación del medio y puesta en marcha del cultivo se detallan en el 
trabajo (Franco et al. 2004). 
 
Extracción y purificación de Palitoxinas 
 
El seguimiento de los cultivos se llevó a cabo controlando el pH, el 
consumo de nutrientes, midiendo la fluorescencia “in vivo” (parámetros 
fo y fv/fm) y determinando la clorofila a colorimétricamente. 
Aproximadamente al cabo de 20 días el cultivo alcanza la fase 
estacionaria y se procesa; en el caso del cultivo de 100 L el proceso se 
desarrolla en el trabajo de Franco et al. publicado en el presente libro de 
resúmenes. Los cultivos de 2 L se filtran a través de filtros de fibra de 
vidrio GF/C sobre los cuales se realiza la extracción con MeOH 100%. 
Dichos extractos se reparten 2 veces con éter de petróleo con la finalidad 
de eliminar pigmentos y otros materiales de carácter apolar y a 
continuación se lleva a cabo la clarificación de los sólidos en suspensión 
mediante filtros de jeringa de acetato de celulosa de 0.45 µ. La finalidad 
de este sencillo protocolo de limpieza es llevar a cabo una primera 
descripción rápida de la presencia de toxinas en la muestra. Las 2 fases 
obtenidas en el reparto se secaron y fueron ensayadas para su posible 
toxicidad mediante bioensayo de ratón y ensayo hemolítico. 
 
Ensayos de toxicidad 
 
i) Bioensayo de ratón. Se llevó a cabo por triplicado utilizando machos 
NMRI de peso 17-18 gr siguiendo el protocolo descrito para toxinas 
DSP, para ello los residuos secos de distintas concentraciones de 
palitoxina estándar y los extractos obtenidos a partir de las cepas de 
Ostreopsis fueron resuspendidos en una disolución estéril conteniendo un 
1 % de Tween 60. El ensayo consistió en la inyección intraperitoneal de 
1 mL de disolución de muestra o patrón seguido de la atenta observación 
de los síntomas, tiempo en que se manifiestan y tiempo de muerte. 
ii) Ensayo hemolítico. Este ensayo resulta muy útil en el caso de la 
palitoxina y/o análogos, puesto que se trata de potentes hemolisinas con 
una particularidad, que la hemólisis se desarrolla lentamente y sólo es 
detectable a partir de periodos de incubación de 4 horas a 37 ºC. El 
protocolo de hemólisis se basó en el método de Bignami (Bignami 
1993a) con ligeras modificaciones; en nuestro caso se trabajó con sangre 
desfibrinada de oveja diluida 100 veces y como antagonista se utilizó 
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Ouabaina 1 mM (Gleibs et al. 1995), de modo que se considera que 
contienen palitoxina únicamente aquellas muestras en las cuales la 
hemólisis es totalmente inhibida por la ouabaina. La sangre se lavó dos 
veces eliminando el sobrenadante y resuspendiendo en tampón fosfato 
salino (PBS) a pH 7.4, por su parte las muestras se evaporaron y 
resuspendieron en un PBS pH 7.4 suplementado con 0.1% BSA, CaCl2 
1mM y H3BO3 1mM. El ensayo se llevó a cabo en placas de 96 pocillos 
con fondo plano mezclando a partes iguales la disolución de la muestra y 
la suspensión de células sanguíneas, la hemólisis total se consiguió 
empleando agua destilada. En el experimento paralelo llevado a cabo con 
la ouabaina, ésta se mezcló inicialmente a partes iguales con la 
suspensión de glóbulos rojos, se dejó actuar 30 minutos y a continuación 
se agregó la disolución de la muestra en la misma proporción. Las placas 
se incubaron a 37 ºC durante 4 horas en incubador de CO2, al final de 
este tiempo se centrifuga a 1500 rpm, 10 ºC y 10 min. se recogen los 
sobrenadantes y se determina su absorbancia a 405 nm en un lector de 
microplacas. 
 
Determinación CL acoplada a detector de diodos 
 
Con las fracciones metanólicas, que resultaron tóxicas en el bioensayo de 
ratón y el ensayo hemolítico, se llevó a cabo la determinación de 
palitoxinas mediante CL acoplada a detector de Diodos utilizando una 
columna VYDAC218TP54 a 35 ºC. El flujo fue de 750µL/min y la fase 
móvil consistió en un gradiente entre A (MeOH) y B (MeOH/Acetato 
amónico 0.1 M, pH 4.0) (60:40) del siguiente modo: 
 
0-20 min 100% B 
 
20-22 min 0% B 
 
22-25 min 0% B 
 
25-27 min 100% B 
 
27-30 min 100% B 
 
Mediante el detector de diodos se monitorizaron a la vez las absorbancias 





Espectrometría de masas 
 
La espectrometría de masas se llevó a cabo previa separación por CL a 
través de una columna VYDAC218TP52, a 35 ºC y con la fase móvil 
descrita en el apartado anterior, pero en este caso con un flujo de 250 
µL/min. Se utilizó una trampa iónica Thermofinnigan LCQ_Advantage 
en modo electrospray positivo con un voltaje de capilar de 5.5 KV y a 
una Tª de 150 ºC. El patrón de palitoxina utilizado en todas las 
determinaciones y separaciones cromatográficas es un patrón comercial 





Ensayos de toxicidad 
 
Todas las cepas de Ostreopsis spp. resultaron ser tóxicas, detectándose la 
toxicidad en la fracción metanólica del reparto con éter de petróleo.  
A continuación, según la secuencia temporal, se describen los síntomas 
observados en los ratones, que evidencian una muerte de tipo neurotóxica 
y coinciden para las inyecciones de las muestras de Ostreopsis y el 
patrón de palitoxina. 
Entre los 2 a 3 primeros minutos después de la inyección los ratones 
comienzan con arrastre de cuartos traseros y desorientación. A 
continuación puede darse un periodo de letargo, o estado comatoso, más 
o menos largo, con desorientación e hipotermia. Finalmente entre 10 y 15 
minutos antes de morir sucede un cuadro caracterizado por calambres 
abdominales, espasmos musculares, movimientos bruscos e 
incontrolados de las extremidades, dificultades respiratorias, taquicardia, 
cambio de color de ojos de rojo a negro y finalmente muerte del 
individuo. En la Tabla 2 se detallan los tiempos de muerte registrados 
con las distintas cepas ensayadas.  
 
En lo que se refiere al test de hemólisis, todos los extractos de Ostreopsis 
spp. analizados mostraron actividad hemolítica retardada es decir, 
durante las 2 o 3 horas iniciales de incubación no se detectó actividad 
hemolítica pero a partir de este tiempo se produce un aumento repentino 
pudiendo considerar 4 horas como un periodo adecuado de incubación al 




Tabla 2. Relación de las cepas analizadas mediante bioensayo de ratón y 
los tiempos de muerte registrados para cada una de ellas. 
 
Con el pretratamiento llevado a cabo con la ouabaina no se detectó 
actividad, este hecho unido al perfil de actividad hemolítica de las 
muestras son indicativos de la presencia de palitoxinas en los extractos. 
(Figura 1). 
Figura 1. Curva de actividad hemolítica de una cepa de Ostreopsis 
siamensis OS3V a lo largo de 4 horas. Como se puede comprobar antes 
de 150 min. no se detecta actividad hemolítica y el pretratamiento con 





































Para determinar la sensibilidad del test de hemólisis se ensayaron 
también 5 concentraciones diferentes del patrón de palitoxina: 0.01 
ng/mL, 0.1 ng/mL, 1 ng/mL, 10 ng/mL y 100 ng/mL. Llamamos la 
atención sobre el nivel de sensibilidad del presente ensayo, pues como se 












Figura 2. Curva de calibrado de actividad hemolítica realizada 5 
concentraciones diferentes de patrón de palitoxina procedente de 
Palythoa tuberculosa. 
 









Figuras 3 y 4. En la Figura 3 se muestran los cromatogramas del patrón y 
la cepa de Ostreopsis ovata (OS06BR); el cromatograma del patrón se 
corresponde a una inyección de 50 µL de palitoxina en una concentración 
de 25 ng/µL. La flecha señala el pico correspondiente a la toxina y en la 
Figura 4 se muestra el espectro de diodos de dicho pico que resultó 
idéntico en la muestra y en el patrón. 
 
El análisis cromatográfico de las muestras acoplado a detección 
ultravioleta con detector de diodos reveló la presencia de un pico en 
todas nuestras cepas de Ostreopsis que coincide en tiempo de retención 
con el patrón de palitoxina (Figura 3) y con el espectro característico de 
Patrón Palitoxina

























ésta, con máximos de absorción a 230 nm y 263 nm, siendo la intensidad 



































Figuras 5 y 6. Muestran los picos cromatográficos de una cepa de 
Ostreopsis y del patrón de palitoxina (Palythoa tuberculosa, 2680.20 
Da.) acompañados de su perfil de espectrometría de masas donde se 
confirma la presencia de la molécula de doble carga (m/z 1331 en la 
muestra y m/z 1347 en el patrón). 
Capítulo 1.1 
95 
A su vez, la espectrometría de masas mediante trampa iónica mostró 
semejanzas entre los perfiles de masas obtenidos por la técnica 
electroespray positivo para el estándar de Palythoa tuberculosa y los 





Se ha verificado la viabilidad de los cultivos en distintos volúmenes y 
modalidades (agitación, aireación, etc.). Todas las cepas analizadas de 
Ostreopsis resultaron ser tóxicas con características similares a la 
palitoxina. Esta afirmación viene avalada por los bioensayos de ratón, 
actividad hemolítica y análisis cromatográficos que resultaron positivos 
en todos los casos. En último lugar resaltar la elevada sensibilidad que 
mostró el ensayo in vitro de actividad hemolítica frente a otros sistemas 




Este trabajo ha estado financiado por los proyectos PGIDT99-
MAR40201 y CICYT REN2001-2959- CO4-01/MAR. 
Agradecemos a Emilio Cacho de Sanidad Exterior su colaboración en el 
Bioensayo de ratón; a Manuel Zapata del Centro de Investigacións 
Mariñas de la Xunta de Galicia su orientación y colaboración en los 
análisis de pigmentos; a Luz Mamán el suministro de los extractos y las 
muestras de agua de Andalucía; al Centro de Salud de Coya (Sección 
hematología) la ayuda prestada en el ensayo hemolítico y por último, 
aunque no menos importante, dedicar un agradecimiento especial al área 




Bignami, G.S. 1993. A rapid and sensitive hemolysis neutralization assay 
for palytoxin. Toxicon 31:817-20 
Franco, J.M., Paz, B., Riobó, P., Fraga, S. 2004 Cultivos de gran 
volumen para estudiar la producción de toxinas VIII reunión 
ibérica sobre fitoplancton tóxico y biotoxinas, La Laguna, 
Tenerife, p 183-8 
Gleibs, S., Mebs, D., Werding, B. 1995. Studies on the origin and 




Tan, C.H., Lau, C.O. 2000. Chemisty and detection of palytoxin. In: 
Botana LM (ed) Seafood and freshwater toxins: Pharmacology, 
Physiology and detection. Marcel Dekker, New York, p 533-48 
Wachi, K.M., Hokama, Y., Haga, L.S., Shiraki, A., Takenaka, W.E. 
2000. Evidence for palytoxin as one of the sheep erythrocyte lytic 
in lytic factors in crude extracts of ciguateric and non-ciguateric 


























































































































Capítulo 1.2: Cultivos de gran volumen para estudiar 





Las toxinas que causan el síndrome diarreico forman un complejo de 
compuestos liposolubles, producidos por microalgas, aunque algunos de 
ellos no generan esa sintomatología (palitoxinas y yesotoxina). La obtención 
de toxinas a partir de cultivos de los géneros Ostreopsis y Protoceratium, 
debe permitir el suministro de extractos y de toxinas aisladas con las que 
establecer característiscas diferenciales de toxicidad entre las distintas 
toxinas mediante ensayos biológicos (de ratón, con cultivos celulares, 
enzimáticos) y para estudios sobre metodologías analíticas (separación y 
detección por cromatografía) sin tener que esperar a que se produzcan 
episodios tóxicos naturales. 
En este trabajo se describe la producción de toxinas, posible liberación al 
medio de las toxinas y del resto de los parámetros básicos (consumo de 
nutrientes y biomasa) en condiciones de agitación mecánica y aireación fijas 




De las 5000 especies de algas fitoplanctónicas marinas conocidas, sólo unas 
88, principalmente dinoflagelados, son capaces de producir potentes toxinas 
(UNESCO 2003), aunque en los últimos años se han ido descubriendo 
nuevas toxinas, como es el caso de las yesotoxinas, azaspirácidos o 
palitoxina (Yasumoto & Satake 1998). Éstas pueden ser asimiladas por 
moluscos bivalvos filtradores y, a través de la cadena alimentaria, pasar al 
hombre. La mayor parte de las técnicas actuales para su estudio se basa en 
bioensayos de ratón, muy eficaces, pero poco selectivos, de baja sensibilidad 
y especificidad. Sin embargo los ensayos funcionales in vitro, cultivos 
celulares y técnicas cromatográficas son una alternativa más prometedora 
(Draisci et al. 1999, Ciminiello et al. 2003) y de mayor sensibilidad, 
permitiendo la detección y cuantificación de toxinas en muestras de pequeño 
tamaño. Estas técnicas precisan de cantidades importantes de la toxina 
purificada; debido a las dificultades de adquisición de las mismas a partir de 
casas comerciales, a que las poblaciones naturales de microalgas nocivas se 
presentan a menudo en bajas concentraciones y a que no se puede esperar la 
aparición de un afloramiento natural, se hace necesario el aislamiento de las 
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especies de interés y la producción masiva de cultivos que nos proporcionen 
la cantidad necesaria de dicha toxina. 
En el presente trabajo se pretende estudiar los siguientes aspectos: 
Seguimiento de los parámetros que influyen en la marcha del cultivo en dos 
géneros de dinoflagelados: Protoceratium reticulatum (planctónico) y 
Ostreopsis spp (bentónico). 
Producción de toxinas a lo largo del cultivo: yesotoxina (P. reticulatum) 
y ostreocinas y/o palitoxina (Ostreopsis spp.), determinando la 




MATERIAL Y MÉTODOS 
 
Los cultivos se llevan a cabo en tanques de metacrilato (Figura 1) con medio 
L1 sin silicatos (Guillard & Hargraves 1993) agua de mar base de 34 psu, 
esterilización mediante hipoclorito (35%) 0,25 mL/L y neutralización con 
tiosulfato (5%) 0,25 mL/L; ciclo luz: oscuridad (12:12); 80-160 µmol fotón 
m-2 s-1; P. reticulatum a 17 ºC±1 y Ostreopsis spp a 23 ºC±1, con agitación 
mecánica a 40 rpm durante una hora al día y aireación continua a razón de 
20-30 L/min. con una bomba Millipore. Los inóculos son de unos 5 L en 
ambos géneros, de forma que en el caso de Protoceratium se inicia el cultivo 
con 500 células/ mL y el Ostreopsis con 9.12 µg clorofila-a/L. 
Cada 3-4 días se toman un volumen del orden de unos 250 mL en 
Protoceratium y 1 L para Ostreopsis distribuyéndose en diferentes alícuotas 
para medir los siguientes parámetros: unos 5 mL para medir el pH y la 
fluorescencia en vivo y que posteriormente se fija con lugol para los 




filtran en filtros de fibra de vidrio para retener las células y determinar las 
YTX en las células (Yasumoto & Takizawa 1997) y el medio filtrado para el 
consumo de NO3- y PO43-, con un autoanalizador Scan plus system Skalar, en 
ambos cultivos, y la concentración de YTX en el agua (Paz et al. 2004). En 
el caso de Ostreopsis no se determinan densidades celulares por conteo y a 
cambio el filtro con las células se extrae con MeOH en el que se 




Figura 2. Parámetros medidos en los cultivos de 100 L. 
 
En la Figuras 2A y 2D se muestra unos buenos ajustes entre el conteo 
celular y la clorofila a y la fluorescencia en vivo para Protoceratium y para 
Ostreopsis respectivamente, ya que el conteo celular en este último caso es 
imposible debido a la mucosidad que produce ese género dado su carácter 
bentónico. Las Figuras 2 B y 2E muestran el consumo de los dos nutrientes 
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básicos NO3- y PO4 3- que mantienen un patrón normal en este tipo de cultivos, 
llegando a su práctico consumo, en ambos casos, observándose un gran 
paralelismo entre ambos cultivos y sin que aparezcan fenómenos de stress 
por nutrientes, ya que las curvas de crecimiento que manifiestan (Figuras 2C 
y 2F) son normales aún teniendo en cuenta que Ostreopsis se cuantifica en 
función de la Chl-a. 
 
En el cultivo de P. reticulatum a medida que aumenta el número de células 
aumenta notablemente la cantidad de YTX en la biomasa, este aumento no 
es tan pronunciado en el medio aunque muy significativo lo que puede 
indicar una posible liberación al medio de dichas toxinas.(Figura. 2C). 
 
Figura 3. LC-EM de los extractos de células de P. reticulatum y 
Ostreopsis spp  
 
En el cultivo de Ostreopsis spp. sólo se cuantifica palitoxina y/o análogos en 
la biomasa a través de la medida de la actividad hemolítica de los extractos 
celulares; cuya cantidad aumenta paralelamente con la concentración de 
Chl-a (figura. 2F); en cambio determinaciones con el mismo método, que es 




actividad hemolítica. En ambos casos se confirma la identidad de las 




Se verifica la viabilidad de cultivos de P. reticulatum y Ostreopsis spp. en 
volúmenes de 100 L. Para Ostreopsis spp. se opta por la determinación de 
Chl-a extraída con MeOH verificándose su buen ajuste con la fluorescencia 
en vivo en sustitución de los conteos celulares. El control de la producción 
de yesotoxina en P. reticulatum se lleva a cabo mediante CL y detección 
fluorimétrica y el de palitoxina y/o análogos en Ostreopsis spp. a través del 
ensayo hemolítico. 
En el cultivo de P. reticulatum se encuentra toxina tanto en el medio como 
en la biomasa y en el de Ostreopsis spp sólo en las células. El rendimiento 
del cultivo de P. reticulatum es de 0,6 mg YTX en el agua y 5,6 mg YTX en 
la biomasa y en el caso de Ostreopsis spp. 3,8 mg de palitoxina en la 
biomasa. Se pueden obtener grandes biomasas a partir del cultivo de estas 
microalgas, para la posterior purificación y aislamiento de toxinas, tanto 
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Capítulo 1.3: Lipophylic Toxins of Different Strains of 





Production of lipophylic toxins of the yessotoxins group has been 
reported on strains of the dinoflagellates Protoceratium reticulatum and 
Coolia monotis and is suspected in Lingulodinium polyedrum. While P. 
reticulatum and L. polyedrum belong to the family Gonyaulaceae, C. 
monotis belongs to family Ostreopsidaceae, where species of the genus 
Ostreopsis produce lipophylic toxins of another group, the palytoxin 
group. Both yessotoxins and palytoxins are fused polyethers of very high 
molecular weight but without any known toxicological relation. In this 
work, the production of these toxins in strains obtained from different 
geographical regions is explored. Detection of yessotoxins was done by 
means of an HPLC analysis with derivatization and fluorimetric detection 
and by HPLC- MS. For the detection of palytoxins, HPLC and hemolytic 
assays were done. The strains of P. reticulatum analysed were from 
Europe and North America, and the strains of L. polyedrum were from 
the Atlantic coast of Spain. All were toxic, with L. polyedrum being the 
least toxic. This is the first report of dinoflagellates producing 
yessotoxins in Spain. Several European strains of C. monotis were 
analysed, but no cooliatoxin was detected. Strains of two species of 
Ostreopsis from the Mediterranean Sea and from Brazil have strong, 





Palytoxin (PTX) is the most potent marine toxin known, and it belongs to 
a group of closely related, very poisonous aliphatic molecules with high 
molecular weights around 2600 Da (Habermann et aI., 1982). It acts 
through the Na+, K+ -ATPase of cell membranes, inducing channel or 
pore formation by the enzyme proteins. It has been primarily isolated 
from the marine zoanthids Palythoa. Recently PTX was found in the 
benthic dinoflagellates Ostreopsis siamensis (Usami et al., 1995; Onuma 
et aI., 1998), Ostreopsis ovata (Graneli et aI., 2002) and Ostreopsis 
mascarenensis (Turquet et al., 2002). Structurally, YTX is a disulphated 
po1yether, nominally included in the diarrhetic shellfish poisoning (DSP)
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category, but YTX should be excluded from this group due to different 
properties. The causative organism of YTX was demonstrated in P. 
reticulatum (Satake et aI., 1997; Satake et aI., 1999), but although YTX 
was detected in field samples dominated by L. polyedrum (Ciminiello et 
aI., 1997), the production of this toxin in pure cultures was not proved. 
The present study was performed to determine palytoxin-like toxins in 
Ostreopsis spp. from different geographical locations (Mediterranean Sea 
and Brazil) and to test for the presence of toxins of the YTX group in 
other dinoflagellates in addition to Protoceratium reticulatum, like L. 
polyedrum, C. monotis and Ostreopsis spp. 
 
 
MATERIALS AND METHODS 
 
Cultures of the strains shown in Table 1 were grown in L1 medium 
(Guillard and Hargraves, 1993) without silicates with a salinity of 34 psu, 
an irradiance of ~90 µmol quanta m-2 S-1 provided by daylight 
fluorescent bulbs and a 12:12 D:L regime. For palytoxins analysis in 
Ostreopsis, 10 L culture were harvested on the 20th day after inoculation.  
The whole volume was filtered through Whatman GF/C filters, 
resuspended in ethanol/water (8:2) and sonicated for homogenation and 
centrifugated, collecting supernatants at the end. Ethanol/water 80% 
extract was partitioned with hexane. The aqueous ethanol fraction was 
evaporated and the residue was again partitioned between water and 
butanol. The aqueous fraction was evaporated and the residue was 
resuspended in Acetonitrile/Acetic acid 1% (3:7) and was 
chromatographed on Vydac 201TP54 C18 column at 30°C, using 
Acetonitrile: 1% Acetic acid (3:7) as a mobile phase at a flow rate of 0.75 
mL·min-1. Elution of palytoxin from the column was monitored by UV-
PDA at 230 nm and 263 nm following a method based on Usarni et al 




OS06BR Ostreopsis cf. ovata SW Atlantic
OS2V Ostreopsis cf. siamensis Mediterranean
GG1AM Protoceratium reticulatum NE Atlantic
CCMP1720, CCMP1721 Protoceratium reticulatum NW Atlantic
CCMP1889, CCMP404 Protoceratium reticulatum NW Pacific
LP3AA, LP4V, LP5V, LP6V, LP7V,LP8V, LP9V, LP10V Lingulodinium polyedrum NE Atlantic
CM1V,CM2V,CM3V,CM4V,CM5V,CM6V Coolia monotis NE Atlantic




Figure 1. Ostreopsis cf. ovata (OS06BR). Chromatography was carried 
out on a Vydac 201TP54.CI8 column. Elution of palytoxinlike substance 
from the column was monitored by UV-PDA absorption at 230 nm and 
was monitored by hemolysis assays of each fraction collected in a 2.5 
min. portions (bar chart). Ouabain inhibited the hemolytic activity of the 
elution fraction from 10 to 12.5 min. 
 
Hemolysis assay was based on Bignami's method (1993) as modified by 
Onuma et al. (1999). Human blood in EDTA was diluted in PBS (1:100) 
and washed twice with PBS and the evaporate extract was diluted in pH 
7.4 PBS supplemented with 0.1% BSA, 1mM CaC12and 1mM H3BO3. 
For hemolysis neutralization, assay blood cell suspension was mixed 
with sample solution (1:1), blank was prepared mixing diluted blood and 
saline PBS (1:I) and 100% hemolysis adding distilled water. After 
incubating at 37°C for 4 hours in a water bath, supernatant absorption 
was measured at 405nm with microplate reader. For yessotoxins analysis, 
samples were extracted following a modification of Yasumoto and 
Takizawa (1997) method. Forty-five mL of each culture was filtered 
through Whatman GF/C filters and resuspended in 2mL MeOH, and the 
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cells were sonicated. The derivatization reaction was performed with 50 
µL of 0.1% solution of DMEQ-TAD in CH2CI2.YTX analysis were 
performed by LC-FLD using a Hypersil ODS 5mm (4.6 x 150mm) 
column using a mobile phase of 100 mM ammonium acetate (pH 5.8) 
and MeOH (3:7). The flow rate was 0.75 mL·min-1, the column 
temperature was 35°C and the excitation and emission wavelengths were 




Figure 2. Chromatographs of YTX standard, YTX from (GG lAM) 
Protoceratium reticulatum and YTX from (LP8V) Lingulodinium 
polyedrum performed by LC-FLD and LC-MS of (LP8V) Lingulodinium 
polyedrum. 
 
RESULTS AND DISCUSSION 
 
The extracts of Ostreopsis showed strong delayed haemolytic activity 
that could be neutralized by ouabain, two criteria considered to indicate 
the presence of PTX. After each partition, the hemolytic assay was 
performed and the toxic fractions selected. The analysis of Ostreopsis 
spp. Extracts by UV-PDA showed peaks possesing the characteristic UV 
spectra (absorbance maxima at 230 and 263 nm) of PTX. Elution from 
the column was also monitored by haemolytic assay (figure 1). This is 
the first record of toxicity of Ostreopsis spp. in the Mediterranean Sea, 
and this genus should be taken into account in monitoring programmes as 
it may introduce palytoxins in the food web and eventually cause human 
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poisonings. The hemolyitic assay was also performed in extracts of C. 
monotis, L. polyedrum and P. reticulatum, and no activity was observed. 
YTXs were detected in P. reticulatum and in lower concentrations in L. 
polyedrum by LC-FLD and proved by MS. Selected ion monitoring 
(SIM) for YTX was performed on ion mlz 1141,in MS-MS with the 1061 
ion daughter (figure 2) but not in C. monotis or Ostreopsis spp. Although 
the production of YTXs by P. reticulatum. had already been reported 
(Satake et aI., 1997), this work confirms Yasumoto's hypothesis that this 
species was also a producer of YTXs. High levels of YTXs were also 
detected in the culture media by LC-FLD and proved by MS. The 
production of YTXs by dinoflagellates looks very variable, as the same 
strains of L. polyedrum may produce the toxins or not due to unknown 
reasons, and we did not detect YTX in Coolia, although it was detected 
in an Australian strain (Holmes, 1995). Palytoxins look to be restricted to 
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Capítulo 1.4: Characterization of Ostreopsis and Coolia 
(Dinophyceae) isolates in the Western Mediterranean 
Sea based on morphology, toxicity and internal 





Several isolates of epiphytic dinoflagellates belonging to the genera 
Ostreopsis Schmidt and Coolia Meunier from the western Mediterranean 
Sea were examined by LM and EM, toxicity assays, and internal 
transcribed spacer (ITS) regions of nuclear rDNA, and 5.8S rDNA were 
sequenced. Morphological comparisons based on the analyses of cell 
shape, size, thecal plates, and surface ornamentation revealed two distinct 
species in the western Mediterranean: O. cf. siamensis Schmidt from the 
Catalan, Andalusian, and Sicilian coasts and O. ovata Fukuyo from the 
Ligurian coast, southern Tyrrhenian Sea, and Balearic Islands. Both 
Ostreopsis species were toxic; however, no differences in toxicity were 
detected between the two Ostreopsis species. Coolia monotis Meunier 
was non toxic. The morphological studies were supported by 
phylogenetic analyses; all western Mediterranean isolates of O. cf. 
siamensis showed ITS and 5.8S rDNA sequences identical to each other 
and so did those of O. ovata, whereas high genetic diversity was detected 
between the western Mediterranean and Asian isolates of O. ovata. The 
nucleotide sequence analyses of the C. monotis strains showed that all C. 
monotis isolates from Europe formed a homogeneous clade. Further, the 
genetic diversity was high between the European and Asian C. monotis 
isolates. In this study, genetic markers combined with morphology and 
toxicity analyses was useful in the taxonomic and phylogenetic studies of 
the Ostreopsidaeeae in a temperate area. 
Key index words: Coolia; dinoflagellate; internal transcribed spacer 
(ITS); morphology; Ostreopsis; palytoxin; phylogeny 
Abbreviations: AP, anteroposterior diameter; BI, Bayesian inference; Dv, 
dorsoventral diameter; ITS, internal transcribed spacer; LC, liquid 







The genera Ostreopsis Schmidt (1901) and Coolia Meunier (1919), 
belonging to the family Ostreopsidaceae Lindeman (1928), are benthic 
or epiphytic dinoflagellates. Species of Ostreopsis and Coolia produce 
potent toxins of the palytoxin group (Nakajima et al. 1981, Usami et al. 
1995) and yessotoxins (Holmes et al. 1995), respectively. The palytoxin 
group may cause fatal human intoxications from the ingestion of fish 
(Onuma et al. 1999, Taniyama et al. 2003). In tropical areas, these two 
genera usually form a common assemblage with Gambierdiscus toxicus 
Adachi and Fukuyo (Adachi and Fukuyo 1979), the species considered 
responsible for ciguatera. However, some authors have also implicated 
Ostreopsis and Coolia in ciguatera disease, postulating that the great 
variation in symptoms, observed in patients affected by ciguatera, is due 
to the seafood contamination with multiple toxins involved (Yasumoto et 
al. 1987). 
 
The genus Ostreopsis was described in 1901 with the type species O. 
siamensis Schmidt (1901). This genus did not receive major attention 
until the taxonomical study of Fukuyo (1981), who redescribed the type 
species together with the description of two new species, O. ovata 
Fukuyo and O. lenticularis Fukuyo. Since then, six other new species of 
Ostreopsis have been added: O. heptagona Norris, Bomber and Balech 
(1985), O. mascarenensis Quod (1994), O. labens Faust and Morton 
(1995), O. marinus Faust (1999), O. belizeanus Faust (1999), and O. 
caribbeanus Faust (1999). The taxonomy of the Ostreopsis species is 
based on the morphological characters, such as thecal plate pattern, 
shape, and size. However, the plate pattern is quite similar in most of the 
Ostreopsis species, and for this reason, almost any Ostreopsis species 
could easily fit the original description of O. siamensis, with the 
exception of O. heptagona. This is the only species having the plates l' 
and 5´´ touch. But even in this case, the connection can be limited to only 
just a point instead of a suture. In the O. siamensis original description of 
Schmidt (1901), one figure shows O. siamensis in anteroposterior (AP) 
view as rounded, whereas another figure shows it as elongated. The 
rounded or elongated shape is one of the main differences between O. 
lenticularis and O. siamensis (Fukuyo 1981), the former being a species 
that Norris et al. (1985) do not consider as an independent taxon. Thus, 
the taxonomy on the genus Ostreopsis is unclear, as also previously 




Molecular approaches, when used together with other characters, may 
help to solve taxonomical problems (Scholin et al. 1994, Daugbjerg et al. 
2000). The nuclear rDNA internal transcribed spacer regions (ITSl and 
ITS2) and 5.8S rRNA gene are widely used to characterize the 
phylogenetic aspects of a variety of organisms (Jensen et al. 1993, 
Hartmann et al. 2001), including algae (Kooistra et al. 1992, Larsen and 
Medlin 1997, Connell 2000). Further, in some controversial taxonomic 
questions, toxin composition profiles may act as fingerprints. In the 
genus Alexandrium Halim, some species can be toxin producers whereas 
others are not toxic (Scholin and Anderson 1994, Medlin et al. 1998). In 
addition, variability of the toxin profile has been used as a biochemical 
marker to discriminate populations of Alexandrium species among 
different and within geographical regions (Yoshida et al. 2001). 
 
 
Figure. 1. Location of the sampling areas in the western Mediterranean 
Sea, northeast Atlantic Sea, and North Sea. Site 1: Taranto Gulf, Ionian 
Sea, Italy. 2: Ganzirri, Tyrrhenian Sea, Italy. 3: Gioia Tauro, the 
Tyrrhenian Sea, Italy. 4: Napoli, Tyrrhenian Sea, Italy. 5: La Spezia, 
Ligurian Sea, Ita1y. 6: Paguera, Balearic Sea, Spain. 7: La Fosca, 
Cata1an Sea, Spain. 8: Almeria, Mediterranean Sea, Spain. 9: Vigo, 
Northeast Atlantic, Spain. 10: Yerseke, North Sea, The Netherlands. 
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In this study, we focused on the characterization of the Ostreopsidaceae 
in the western Mediterranean Sea by the morphology, toxicity, and 
phylogenetic aspects through analyses of different Ostreopsis spp. and C. 
monotis isolates. First, taxonomic ambiguities of the different Ostreopsis 
spp. isolates were elucidated by the genetic analyses combined with 
morphological observations (LM and SEM) based on culture and field 
material. The ITS regions and 5.8S nuclear rDNA of several isolates of 
Ostreopsis spp. and C. monotis were sequenced. The genetic diversity at 
the inter and intraspecies levels among different isolates of Ostreopsis 
species and C. monotis in the Mediterranean area was analyzed and then 
compared with those of other Ostreopsis spp. and C. monotis isolates 
from elsewhere. Moreover, hemolytic activity was tested in both 
Ostreopsis species and C. monotis isolates. The isolates that were 
positive to the hemolytic assays were further analyzed by liquid 
chromatography (LC) and mass spectrometry (MS) analyses. 
 
MATERIALS AND METHODS 
 
Sample collection, cell isolation, and culturing.  
 
Target species were isolated at several locations along the northwestern 
Mediterranean coasts (figure 1) from water samples, net samples, or as 
epiphytic microflora on selected red and brown algae (Rhodophyceae and 
Phaeophyceae) (Table 1). Macroalgae were placed in bottles filled with 
seawater, which were then shaken vigorously to dislodge the epiphytic 
organisms. Macroalgae were removed, and a subsample of the seawater 
was preserved with formaldehyde (1 % final concentration) or Lugol's 
iodine solution and examined under an inverted microscope to check for 
the Ostreopsidaceae presence. Living subsamples were used for cell 
isolation by micropipetting. Clonal cultures of C. monotis and Ostreopsis 
species were established in K or F/20 and F/2 media (Guillard 1975). All 
marine cultures were grown at 17 ± 1ºC and a 14: 10 h light:dark 





Species identification was based on the species' original descriptions 
together with more recent descriptions. Field or cultured specimens were 




Table l.  
Species Strain number Sampling location and year Culture source EMBL 
accession no. 
C. monotis CNR-CMA4 Mediterranean, lonian Sea, 
Taranto, Italy, 2000 
M. G. Giacobbe AJ279032 
C. monotis CNR-CMB2 Mediterranean, Tyrrhenian Sea, 
Ganzirri, Italy, 2000 
E. Gangemi AJ491336 
C. monotis IEO-CM2V East Atlantic, Vigo, Spain, 1985 1. Bravo AJ319578 
C. monotis IEO-CM3V East Atlantic, Vigo, Spain,1985 1. Bravo AJ491337 
C. monotis IEO-CM6V Mediterranean, Almería, Spain, 
1989 
S. Fraga AJ491338 
C. monotis SZN-CM43 Mediterranean, Tyrrhenian Sea, 
Naoli, ltaly, 1998 
M. Montresor AJ308524 
C. monotis NICMM-
RIKZ3 
North Sea, Yerseke, The 
Netherlan s, 2000 
L. Peperzak AJ514919 
C. monotis NICMM-
RIKZ4 
North Sea, Yerseke, The 
Netherlands, 2000 
L. Peperzak AJ515260 
O. cf. siamensis CNR-B4 Mediterranean, Tyrrhenian Sea, 
Ganzirri, ltaly, 2000 
E. Gangemi AJ301643 
O. cf. siamensis CNR-B5 Mediterranean, Tyrrhenian Sea, 
Ganzirri, Italy, 2000 
E. Gangemi AJ491335 
O. cf. siamensis IEO-OS1V Mediterranean, Almería, Spain, 
1999 
S. Fraga AJ319871 
O. cf. siamensis IEO-OS2V Mediterranean, Almería, Spain, 
1999 
S. Fraga A]491313 
O. cf. siamensis IEO-OS3V Mediterranean, Almería, Spain, 
1999 
S. Fraga AJ491332 
O. cf. siamensis CSIC-D1 Mediterranean, Catalan Sea, La 
Fosca, Spain, 2000 
E. Garcés AJ491333 
O. cf. siamensis CSIC-D5 Mediterranean, Catalan Sea, La 
Fosca, Spain, 2000 
E. Garcés AJ312944 
O. cf. siamensis CSIC-D7 Mediterranean, Catalan Sea, La 
Fosca, Spain, 2000 
E. Garcés AJ491334 
O. ovata CNR-A1 Mediterranean, Tyrrhenian Sea, 
Gioia Tauro, Italy, 2000 
M.G. Giacobbe AJ311520 
O. ovata CNR-D1 Mediterranean, Tyrrhenian Sea, 
La Spezia, ltaly, 2000 
M.G. Giacobbe AJ320179 
O. ovata CNR-Z1 Mediterranean, Balearic Sea, 
Paguera, Spain, 2001 
M.G. Giacobbe AJ420005 
O. ovata IEO-OS01BR West Atlantic, Rio de Janeiro, 
Brazil, 2000 
S. Fraga AJ420006 
O. ovata IEO-OS02BR West Atlantic, Rio de Janeiro, 
Brazil, 2000 
S. Fraga Not sequenced 
O. ovata IEO-OS03BR West Atlantic, Rio de Janeiro, 
Brazil, 2000 
S. Fraga AJ491311 
O. ovata IEO-OS06BR West Atlantic, Rio de Janeiro, 
Brazil, 2000 
S. Fraga AJ491312 
O. ovata IEO-OS15BR West Atlantic, Rio de Janeiro, 
Brazil, 2000 
S. Fraga AJ318462 
CNR, Consiglio Nazionale delle Ricerche, Messina, Italy; CSIC, Institut de 
Ciencies del Mar, Barcelona, Spain; lEO, Instituto Español de Oceanografia, 
Vigo, Spain; NICMM, National Insitute for Coastal and Marine Management, 
Middelburg, The Netherlands; SZN, Stazione Zoologica Napoli, Napoli, ltaly. 
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Plate tabulation was examined under epifluorescence microscopy 
following the calcofluor method of Fritz and Triemer (1985), using 
fluorescent brightener 28 (Sigma-Aldrich Co., Sr. Louis, MO, USA). Cell 
dimensions were determined by measuring the dorsoventral (DV) and AP 
diameters and width with an image analysis system. Alternatively, an 
eyepiece micrometer applied to the microscope, with 4001000 x 
magnifications was used. Anteroposterior measures were obtained from 
SEM photos of a few specimens, because most of them were observed 
from an apical or antapical view. In those cases the DV/AP ratio was 
calculated. For SEM observations, samples were fixed with 4% 
glutaraldehyde, 2% glutaraldehyde, with 1% osmium tetroxide or 4% 
formaldehyde. The first two fixations were used to observe the whole 
cell, whereas the last fixation was used to observe and measure the thecal 
pores. One milliliter of fixed sample was filtered through a 13-mm 
diameter and 0.8-µm pore size Nuclepore PC polycarbonate membrane 
filter (Costar, Europe Ltd., Badhoevedorp, The Netherlands). For SEM 
preparation, samples were washed in distilled H2O, dehydrated through a 
graded ethanol series concentrations, critical point dried with CO2, and 
coated with gold. Samples were observed under a Hitachi S-570 (Hitachi, 
Ltd., Tokyo, Japan) or a Hitachi S-350N (Nissei Sangro Co., Ltd., Tokyo, 
Japan) scanning electron microscope. Image acquisition and thecal pore 
measurement were achieved in a 4000-22,000 x magnification range by 
using an image analyzer (Image Tools for Windows, San Antonio, TX, 
USA). The thecal pores were analyzed in several clones: five clones of. 
O. cf. siamensis (CNRB4, CSIC-DI, lEO-OS IV, IEO-OS2V, IEO-
OS3V), two clones of O. ovata from the Mediterranean Sea (CNR-A1, 
CNR-Z1), and four clones of O. ovata from Brazil (IEOOSOlBR, IEO-
OS02BR, IEO-OS06BR, IEO-OS15BR). 
 
Toxins analyses.  
 
Hemolytic activity was tested in the following strains: O. cf. siamensis: 
CNR-B4, IEO-OS1V, IEO-OS2V, IEO-OS3 V, CSIC-D5, and CSIC-D7; 
O. ovata: CNR-A1, CNR-D1, CNR-Z1, IEO-OS06BR, and IEO-
OS15BR; and C. monotis: CM2V and CCMP1345. Hemolytic activity 
was also tested in extracts of other dinoflagellate species, such as 
Lingulodinium polyedrum and Protoceratium reticulatum. Ten liters of 
culture were harvested for palytoxin extraction at the 20th day of growth. 
The volumes were filtered through GF/C filters (Whatman, Maidstone, 
UK) and resuspended in MeOH 100%. The resuspensions were sonicated 
for 1 min and centrifuged at 2000 rpm for 15 min at 10 ± 1ºC; the 
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supernatants were then collected. Acetic acid 0.1 % was added to the 
methanolic extracts to get a mix of acetic acid 0.l %:MeOH (50:50) and 
partitioned with chloroform (Ukena et al. 2002). The methanolic fraction 
was used for the different analyses. 
 
In these extracts, palytoxin activity was checked by testing the delayed 
hemolysis of human erythrocytes following Bignami's method (1993) 
modified by Onuma et al. (1999). The time course of hemolysis was 
examined by varying the incubation time from 1 to 4 h. In a control 
experiment, 1 mM of ouabain, a palytoxin antagonist, was added to the 
red cell suspension and incubated in the same way (Habermann et al. 
1981). Only those samples in which hemolysis were completely inhibited 
by ouabain were considered containing palytoxin. 
To chemically characterize the toxins, chromatographic analyses of the 
methanolic extracts were performed by LC coupled to UV detection 
using an LC system (Waters Mildford, MA, USA), including a Waters 
2996 photodiode array detector and a Waters model 510 pump system 
connected to a Waters 717 plus autosampler. Separations were done on 
an X-Terra C18 column (Waters) (4.6 x 150mm) at 3 5 ± 1ºC. Mobile 
phase consisted of a gradient between A (MeOH) and B 
(MeOH/ammonium acetate 0.1 M, pH 4.0) (58:42) at a flow rate of 0.75 
mL·min-1 using the following gradient: during 16min with 100% B, 2 
min changed to 100% A, and maintained 4 min; in 3 min it restored to 
inicial conditions and maintained 5 min The column effluent was 
monitored by UV absorbance at 230 nm and 263 nm, the two maximum 
peaks characteristic of palytoxin by following a method based on Usami 
et al. (1995) and Tan and Lau (2000). Characterization was performed by 
MS with an Ion Trap (Thermo Finnigan LCQ Advantage, San Jose, CA, 
USA) equipped with an electrospray ionization source. Full-scan mass 
spectra in positive polarity mode was acquired in single MS over the 
mass range of m/z 200-1500 on an X-Terra C18 column (2.1 x 150mm) 
at a flow rate of 100 mL·min-1 and with the same column temperature, 
mobile phase, and gradient conditions described before for 
chromatographic analysis. Ionization parameter optimizations were as 
follows: capillary temperature 300 ± 1°C, spray voltage 4.5 kV, sheath 
gas 20 ml.min-1, and auxilary gas 5 ml.min-1. A commercially available 
standard (Wako Pure Chemical Industries, Ltd., Osaka, Japan) with a 
molecular weight 2680.22 Da obtained from the coelenterate Palythoa 





Total genomic DNA extraction.  
 
Approximately 10 mL of exponentially growing cultures were harvested 
by centrifugation (4000 rpm, 5 min). The pelleted cells were rinsed twice 
with artificial seawater, which was filtered with a 0.22-µm filter. Total 
genomic DNA was extracted using the Dynabeads DNA DirectTM Kit 
(Dynal, A.S., Oslo, Norway), Puregene DNA Isolation Kit (Gentra 
Systems, Minneapolis, MN, USA), or DNeasy Plant Kit (Qiagen, 
Valencia, CA, USA), according to Penna and Magnani (1999) and the 
manufacturer's instructions. 
 
PCR amplification, cloning, and sequencing.  
 
The 5.8S rDNA and ITS regions (ITSl and ITS2) were amplified by 
using oligonucleotide primers ITSA and ITSB of Adachi et al. (1994). 
Genomic DNA (10 ng) was amplified in 25 µL reaction mix containing 
200 µM each of dATP, dTTP, dCTP, and dGTP; 15 pmoL of each 
primer; 2 mM MgCl2; 1 x reaction buffer (Finnzymes, Espoo, Finland); 
and 0.4 U DyNAzymeTM DNA Polymerase (Finnzymes). Thermocycling 
was as follows: 10 min initial denaturation at 95° C; 30 cycles of 1 min at 
94° C, 2 min at 55° C, and 3 min at 72° C; with a final elongation step of 
10 min at 72° C. The PCR products were visualized on 1.8 % (w/v) 
agarose gel. After electrophoresis analyses, the PCR products were 
excised from the agarose gel and purified with the QIAquick Gel 
Extraction Kit (Qiagen). Purified PCR fragments were directly sequenced 
or cloned for sequence analyses. The amplified PCR fragments were 
cloned in the vector pDrive Cloning Vector (Qiagen) and sequenced. 
Clones and PCR products were sequenced on an ABI PRISM 310 
Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) using the 
dye terminator method according to the manufacturer's instructions (ABI 
PRISM Big Dye Terminator Cycle Sequencing Ready Reaction Kit, 
Applied Biosystem). The EMBL accession numbers of the 5.8S rDNA 
and ITS region sequences of C. monotis and Ostreopsis spp. obtained in 
this study are listed in Table l. 
 
Sequence alignment and phylogenetic analyses.  
 
The 5.8S rDNA-ITS sequences obtained in this study were aligned with 
congeneric sequences obtained from GenBank (Table 2) using the 
CLUSTAL X program (Thompson et al. 1997) and subsequently 
rechecked by eye.  
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Table 2. EMBL accession numbers for the Coolia monotis and 




Species Strain Isolation locale Sequence Source Accession no. 
C. cf. monotisa CmPL0l Malaysia, Asia G. Usup AF244943 
C. cf. monotisa CmSA0l Malaysia, Asia G. Usup AF244945 
C. cf. monotisa CmSA02 Malaysia, Asia G. Usup AF244946 
C. cf. monotisa CmPD0l Malaysia, Asia G. Usup AF244947 
C. cf. monotisa CmPD02 Malaysia, Asia G. Usup AF244948 
C. cf. monotisa CmPD03 Malaysia, Asia G. Usup AF244949 
C. cf. monotisa CmPD04 Malaysia, Asia G. Usup AF244950 
C. monotis CM0l Malaysia, Asia G. Usup AF076466 
C. monotis CM02 Malaysia, Asia G. Usup AF076467 
C. monotis CM04 Malaysia, Asia G. Usup AF076468 
C. monotis CCMP1345 Florida, USA A. refina AJ491339 
O. ovata OvPD06 Malaysia, Asia L. C. Pin AF218455 
O. ovata OvPD07 Malaysia, Asia L. C. Pin AF218456 
O. ovata OvPROl Malaysia, Asia L. C. Pin AF218457 
O. ovata OvPR02 Malaysia, Asia L. C. Pin AF218459 
O. ovata OvPR04 Malaysia, Asia L. C. Pin AF218458 
O. ovata OvSA02 Malaysia, Asia L. C. Pin AF218460 
O. ovata OvSA04 Malaysia, Asia L. C. Pin AF218461 
O. ovata OvSA06 Malaysia, Asia L. C. Pin AF218463 
O. ovata OvSA09 Malaysia, Asia L. C. Pin AF218462 
O. ovata OvSAl0 Malaysia, Asia L. C. Pin AF218464 
aThese sequences attributed to C. malayense can be found in GenBank, but this 
species, never formally described, can be ascribed to C. cf. monotis (G. Usup, 
personal communication). 
CCMp, Culture Collection of Marine Phytoplankton, Provasoli-Guillard 
National Center, Maine, USA. 
 
To determine the ITS and 5.8S rDNA termini for the Ostreopsis spp. and 
C. monotis, the rDNA coding region and flanking sequences of ITSl and 
ITS2 were aligned with those of Alexandrium species listed in GenBank. 
Phylogeny of the 5.8S rDNA-ITS regions for each genus was inferred 
using neighbor-joining (NJ, Saitou and Nei 1987), maximum likelihood 
(ML, Felsenstein 1981), and Bayesian inference (BI, Huelsenbeck et al. 
2000) methods. The trees of Ostreopsis spp. and C. monotis were rooted 
using C. monotis IEO-CM2V and O. cf. siamensis IEO-OSlV, 
respectively, as out groups. The best fit model of nucleotide substitution 
for the phylogenetic inferences was selected using a hierarchical 
approach of likelihood ratio tests implemented in Model test 3.06 
(Posada and Crandall 1998). The F81 model (Felsenstein 1981) with a 
gamma-shaped distribution for among site rate variation was chosen and 
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used in the NJ, ML, and BI analyses. The alpha value of the gamma 
distribution was empirically determined as being 0.58 with an ML 
approach as implemented in the PAML package (Yhangh 1997). In the 
ML analyses 100 random addition replicates were used with the tree-
bisection-reconnection branch-swapping algorithm. Robustness of the 
phylogenetic trees generated by NJ and ML was tested by using the 
nonparametric bootstrap (Felsenstein 1985) with, respectively, 10000 and 
1000 pseudoreplicates. The above analyses were performed with the 
software packages PAUP*, version 4.0 software (Swofford 2000). 
The BI analyses were carried out with the program Mr Bayes, version 3.0 
b4 (Huelsenbeck and Ronquist 2001). The Monte Carlo Markov Chain 
length was 2,000,000 generations with a sampling frequency of 100 
generations. Because log-likelihood values for sampled trees were 
stabilized after almost 200,000 generations, we used the last 5000 trees to 
estimate Bayesian posterior probabilities. From these trees a 50% 
majority rule consensus tree was constructed with PAUP*. The mean 
pair-wise nudeotide difference number (Nei 1987) for the entire 5.8S 
rDNA and ITS region sequences within and among C. monotis and 
Ostreopsis spp. isolates was calculated with MEGA, version 2.0 (Kumar 
et al. 2001). Standard deviations were obtained by 10,000 bootstrap 
replicates. Other dinoflagellate 5.8S rDNA and ITS sequences were used 
as comparative data in the analyses of the nudeotide difference number. 
The comparison of pairwise nudeotide differences was made after 
cheeking for the hypothesis of evolutionary rate constancy that was 
accomplished for each of the genus considered (i.e. Coolia, Ostreopsis, 
Alexandrium, and Gymnodinium) by comparing the likelihood of the tree 






Morphological characterization.  
 
The morphology of all C. monotis strains fitted the existing taxonomical 
descriptions well (figure 2, a-d). This specie was round and also 
anteroposteriorly compressed (figure 2, e and f). The epitheca was 
slightly smaller than the hypotheca. Cell size ranged from 26 to 40 µm in 
DV diameter and 22-36 µm in width. The thecal surface was smooth and 
covered with sparsely scattered pares. The cingulum was lipped, narrow, 
and enclosed by lists (figure 2f).  
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Two different morphospecies of Ostreopsis have been distinguished, O. 
cf. siamensis and O. ovata, having a plate pattern Po, 3', 7´´, 5´´´, 2´´´´, l 
p. Plate pattern details of O. cf. siamensis and O. ovata are indicated in 
figures 3, a-e, and 4, a-i, respectively. Both species were oval to tear 
shaped and pointed to the ventral side; the thecal plates were thin and 
delicate. Ostreopsis cf. siamensis had a DV diameter of 50-75 µm and a 
width of 38-62 µm (63-90 µm and 34-56 µm in the field population 
samples, respectively). From a side view, O. cf. siamensis was flat and 
not undulated (figure 3f). Ostreopsis ovata had a DV diameter of 27-65 
µm and a width of 19-57 µm, smaller than O. cf. siamensis. The main 
morphometric difference found between O. cf. siamensis and O. ovata 
was the AP diameter. The DV/AP ratio was higher than 4 in O. cf 
siamensis, resulting in a flat cell (figure 3f). In O. ovata the DV/AP ratios 
were lower than 2, and the cell looked ovoid (figure 4f). Although in O. 
ovata the width and AP diameter were similar, in O. cf siamensis the 
transversal diameter was greater than the AP diameter. In both species, 
higher morphometric variability was observed in clonal cultures than in 
field samples. 
 
The SEM analyses of several O. cf. siamensis and O. ovata strains 
revealed that the thecal surface was smooth (figures 3e and 4c) and, 
observed at higher magnifications, covered with spaced pores (figures 3g 
and 4, h-j). In O. cf. siamensis the thecal pore sizes, viewed externally, 
ranged from 0.11 to 0.56 µm, and one predominant size class was 
observed (figure 5a). In O. ovata the thecal pore sizes ranged from 0.16 
to 0.55 µm, viewed externally, and two pore size classes were observed. 
The dominant one-0.25 to 0.30 µm - coincided with the pore size class of 
O. cf. siamensis, and a secondary one was 0.45-0.50 µm (figure 5b). 
Furthermore, the pore structure of both species was different when the 
theca was viewed from outside (figures 3g and 4j) or inside (figures 3, h 
and i, and 4k). Pore sizes were always smaller on the external than on the 





Figure. 2. Coolia monotis. LM-epifluorescence (a-c) and SEM (d-f). (a-c) 
Epithecal view of C. monotis CNR-CM from the Tyrrhenian Sea, 
Mediterranean. (d-f) Coolia monotis IEO-CM2V from the North-east 
Atlantic. (d) Apical side view, showing the sulcus. (e) Side view, 
showing the apical pore plate and longitudinal flagellum. (f) Ventral 
view, showing the cingulum and sulcus. Scale bars, 10 µm. Po, pore 




Figure 3. Ostreopsis cf. siamensis. LM-epifluorescence (a-c) and SEM 
(d-i). (a and b) Epithecal and (c) hypothecal views of O. cf. siamensis 
CNR-B4 from the Tyrrhenian Sea, Mediterranean. (d) Epithecal, (e) 
hypothecal, and (f) side views of O. cf. siamensis field samples from the 
Catalan Sea, Mediterranean. Thecal pores observed on the (g) external 
and (h and i) internal thecal sides. In h and i the plate sutures and thecal 
pore internal structures are clearly visible. Scale bars, 10 µm, unless 






Figure 4. Ostreopsis ovata. LM-epifluorescence (a, b, d) and SEM (c, e-
k). (a) Epithecal and (b) hypothecal view of O. ovata CNR-Zl from 
Paguera, Mediterranean Sea. (e) Epithecal and (d) hypothecal view of O. 
ovata CNR-Al from the Tyrrhenian Sea, Mediterranean. (e) Hypotheca of 
O. ovata IEO-OS15BR from the westAtlantic. (f) Side view of O. ovata 
CNRAl. (g and h) Detail of the ventral area on the hypotheca of O. ovata 
IEO-OSBR from the westAtlantic. (i) Detail of the Ventral pore. (j) 
Epithecal detail of O. ovata IEO-OSBR, showing the pore plate and 
thecal pores on external view. (k) Thecal pores observed on the thecal 
inner part. The pore structure and trichocysts can be observed. Scale bars, 




Figure. 5. Ostreopsis cf. siamensis (a) and O. ovata (b) size variability of the 
thecal pore diameter by external view measured on SEM microphotographs. 





All Ostreopsis spp. extracts showed strongly delayed hemolytic activity 
that can be neutralized by ouabain (data not shown). This result indicated 
unambiguously the presence of palytoxin in the algal extracts. The 
inhibition of hemolysis by ouabain, a palytoxin antagonist, together with 
the delayed effect is a characteristic of palytoxin (Habermann and 
Chatwal 1982). No hemolytic activity was observed in C. monotis, L. 
polyedrum, and P. reticulatum (data not shown). 
The LC analyses of an extract of the O. ovata IEOOS06BR showed 
(figure 6a) a peak at the same retention time (at min 9) as the standard, 
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having a UV spectrum with two absorbances maximum at 230 and 263 
nm, which are characteristic of palytoxin (Riobó et al. 2004). In addition, 
MS spectrum of those peaks from the palytoxin standard and Ostreopsis 
extracts (figure 6b) showed a positive ion spray with di-charged ions with 
m/z 1346.7 and a fragment m/z 327 from a thermic fragmentation 
process. The molecule of palytoxin, when thermically fragmented, 
produces a fragment with m/z 237, which together with the m/z 1346.7 of 
the molecule is more evidence of the presence of palytoxin in our 
Ostreopsis strains (Turquet et al. 2002). 
Figure 6. (a) Overlapped UV-photodiode array detector chromatograms of 
palytoxin standard and an extract of Ostreopsis ovata IEO-OSO6BR 
showing peaks at the same retention time (min 9) with a similar UV 
spectrum shown in the upper right window. (b) MS spectrum of palytoxin 
and an extract of O. ovata IEO-OSO6BR showing di-charged ion m/z 1346.7 




5.8S gene and ITS region properties.  
 
The PCR amplification of the C. monotis and Ostreopsis species 5.8S 
rDNA and ITS regions produced a single fragment. The total length of 
5.8S rDNA-ITS fragment was similar among the different isolates within 
the C. monotis and Ostreopsis spp., ranging from 370 to 375 base pairs 
(bp) and 341 to 352 bp, respectively. The 5.8S rDNA was 160 bp in all 
isolates of both species. The total length of the ITS1 region (108 bp) was 
nearly identical in all C. monotis strains, except for C. monotis 
CCMP1345 from Florida (111 bp). Few variations in length were present 
in the ITS2 region in all strains of C. monotis, with a range of 102-107 bp 
length. In all O. ovata isolates the length of ITS1 was 95 bp, whereas in 
all O. siamensis the ITS1 length was 108 bp. The ITS2 region was almost 
similar in size (84-86 bp) among all Ostreopsis spp. isolates. 
 
Phylogenetic analyses.  
 
The final alignment in C. monotis with O. cf. siamensis IEO-OS1V as 
outgroup was 367 bp in length (C 12.7%, T 38.2%, A 29%, and G 20.1 
%) with 169 polymorphic gires. In Ostreopsis spp., with C. monotis IEO-
CM2V as outgroup, the alignment was 363 bp in length (C 18.03%, T 
34.98%, A 26.63%, and G 20.36%) with 200 polymorphic gires. In both 
cases the transition/transversion ratio was equal to 1.  
 
Identical tree topologies were obtained with NJ, ML, and BI analyses; 
hence, only the ML trees were shown (figure 7, a and b). Within the 
Ostreopsis genus, two major clades were identified: one called O. cf. 
siamensis from the western Mediterranean and the other comprising O. 
ovata from the Mediterranean, Brazil, and Asia. The isolates of O. cf. 
siamensis from different western Mediterranean localities made a clade 
and shared identical nucleotide sequences. As a similar situation to the 
Ostreopsis spp., the C. monotis isolates were divided into two major 
clades: one clade included the western Mediterranean and northeast 
Atlantic isolates, whereas the other clade comprised the isolates from 









Figure 7. ML phylogenetic trees of (a) Ostreopsis species and (b) Coolia 
monotis based on fue 5.8S rDNA-ITS sequences. Numbers on the major nodes 
represent ML (1000 pseudoreplicates, before slash), NJ (10,000 
pseudoreplicates, between slashes), bootstrap values, and Bayesian posterior 
probability (after slash). Only bootstrap and posterior probability values above 
60% are shown. The free of Ostreopsis species is rooted using C. monotis IEO-
CM2V as outgroup; the free of C. monotis is rooted using O. cf. siamensis IEO-
OSl Vas outgroup. The llames in bold indicate that 5.8S rDNA-ITS sequences 
were examined in this study. 
 
 
Sequence divergence.  
 
In the sequence divergence analyses of isolates (Table 3), the net number 
of nucleotide differences, based on the 5.8S rDNA and ITS regions, was 
used; this measure of genetic distance is specific for divergence events, 
because it is equal to the average number of substitutions between groups 
purged by the estimated number of substitutions that occurred in the 
common ancestral group. Achieving the evolutionary rate test based on 
the lag likelihood of the phylogenetic trees obtained, it was confirmed 
that the rate of mutation accumulation is clock-like in all the lineages 
examined in this study.  
 
The Mediterranean and northeastAtlantic C. monotis isolates were 
strongly separated from the Asian isolates by about 22% and 21% of 
nucleotide difference, respectively, whereas the C. monotis isolates from 
both European regions were much less differentiated (only 2.5% of 
nucleotide difference). The Mediterranean and Brazilian O. ovata isolates 
were separated to the same extent from the Asian isolates. The same 
molecular diversity index was calculated between the two Ostreopsis and 
other dinoflagellate species. The two Ostreopsis species were separated 
by a percentage of nucleotide difference nearly identical to, or even 
higher than, that obtained when comparing two species of other 




High concentrations of epiphytic Ostreopsis spp. (up to 6.2 x 106 cells·g-1 
dry weight macroalgae) have been detected in the Catalan coast 
(northwest Mediterranean), which is one of the highest densities of 
epiphytic species ever reported (Vila et al. 2001). Mediterranean 
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occurrence of Ostreopsidaceae in summer periods may be associated 
with human respiratory problems and massive invertebrate mortalities. 
RecentIy, Ostreopsis spp. bIooms in the Tyrrhenian and southern 
Adriatic Sea (Mediterranean Sea) have been related to human health 
probIems, such as fever and breathing and skin irritation, in tourists 
attending the beaches and inhaling marine aerosols (Sansoni et al. 2003, 
A. Bottalico, personal communication). Because these are emerging 
problems, governmental monitoring programs should algo focus on 
benthic communities; in fact, noxious events may not only get into the 
food chain via toxic bloom forming phytoplankters, but also via benthic 
and epiphytic toxic microalgae. This is a problem in many tropical areas 
(Dalzell 1994, Backer et al. 2003) and should be a new concern also in 
temperate areas, such as the Mediterranean Sea. Thus, Ostreopsidaceae 
can be considered as organisms potentially harmful to human health. 
 
Morphological observations and toxicity analyses.  
 
Coolia was a monospecific genus since the first description in Belgium 
by Meunier (1919), with C. monotis as the type species. Coolia and 
Ostreopsis share a similar plate pattern in the epitheca; therefore, 
Lindeman (1928) placed them in the same family and even in one single 
genus. The differences in the hypotheca, however, were considered 
enough to keep Ostreopsis and Coolia in two different genera (Balech 
1956), as stated originally by Meunier (1919). In the present study, the 
phylogenetic analyses of several isolates belonging to Ostreopsis and 
Coolia genera confirm the existence of two genera. RecentIy, two new 
species were added to the Coolia genus: C. tropicalis Faust (1995) and C. 
areolata Ten-Hage, Turquet, Quod and Couté (2000). Coolia monotis is 
common in temperate, tropical, and subtropical regions (Rhodes and 
Thomas1997), whereas C. areolata and C. tropicalis seem to be 
restricted to tropical regions. Further, this genus has been reported as 
toxic. Hemolytic activity in Japanese isolates of C. monotis was reported 
by Nakajima et al. (1981), and the production of a yessotoxin analog was 
found in an Australian C. monotis strain (Holmes et al. 1995). Using 
mouse bioassay, Rhodes et al. (2000) reported the presence of toxic and 
nontoxic strains of C. monotis in New Zealand. However, no analogs of 
yessotoxin were detected in Spanish, other European, or our 
Mediterranean strains of C. monotis by LC analyses (Riobó et al. 2004, J. 
M. Franco, personal communication). The toxic variations of C. monotis 
suggest that although taxonomic problems have not been reported in this 





Table 3. Molecular diversity indexes in the 5.8S rDNA and ITS regions 








C. monotis  
(Mediterranean Sea) 
(n=4) 5.61 ± 0.24   
C. monotis  
(NE Atlantic / North Sea) 
(n=4) 2.56 ± 0.67 3.11 ± 0.66  
C. monotis  
(Malaysia, Asia) (n=10) 22.55 ± 2.03 21.08 ± 2.01 0.45 ± 0.18 
    
 Mediterranean 
Sea 
Brasil, SW Atlantic Malaysia, 
Asia 
O. ovata  
(Mediterranean Sea) 
(n=3) 0   
O. ovata  
(Brasil, S.W. Atlantic) 
(n=4) 0 0  
O. ovata  
(Malaysia, Asia) (n=10) 9.41 ± 0.27 9.41 ± 0.27 3.42 ± 0.58 
 
 
Data are expresed as percentage of the mean ± SD pair wise nucleotide 
sequence differences within isolates (on the diagonal), and percentage of 
the net number of differences between isolates (below the diagonal). SD 
calculated on 10,000 bootstrap replicates. 
 
The taxonomy of the genus Ostreopsis has been unclear since a new 
revision of the genus reported by Faust et al. (1996) described 
characteristics of some species that contradict the original descriptions: 
1) the larger size of O. siamensis, 108-123 µm versus about 90 µm given 
by Schmidt (1901), and 2) the attribution of two sizes of thecal pores to 
O. siamensis when this is one of the features differentiating O. 
lenticularis from O. siamensis in its original description (Fukuyo 1981). 
Further, clonal cultures were only used in the descriptions of O. 
heptagona and O. mascarenensis, and, until now, no material from the 
type localities (near the northeast coast of the Thailand Gulf) has been 
genetically studied. Only a few nucleotide sequences are available for O. 
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ovata in GenBank, and a single study on the phylogeny of this genus has 
been published (Pin et al. 2001). Identification of the Ostreopsis species 
level based on morphological characters is not an easy task, as can be 
deduced by observing the drawings of the thecal plates from the original 
descriptions (figure 8). The relation between the DVand width of the two 
specimens shown in the original description of O. siamensis is different, 
as shown in figure 8a, where it is 1.04 in the epithecal view and 1.25 in 
the hypothecal view. The plate pattern is the same in all nine species 
described in the literature, except for O. heptagona (figure 8f). Size could 
sometimes help to identify some species, but it can be quite variable in 
many cases (Table 5). 
 
Figure 8. Line drawings of the nine described Ostreopsis species in epithecal 
(upper) and hypothecal (lower) view. (a) Ostreopsis siamensis, after 
Schmidt (1901); (b-d) O. siamensis, O.lenticularis, and O. ovata, 
respectively, after Steidinger and Tangen (1996); (e) O. mascarenensis, after 
Quod (1994); (f) O. heptagona, after Norris et al. (1985); (g) O. labens, 
redrawn from Faust and Monon (1995); (h-j) O. belizeanus, O. marinus, and 
O. caribbeanus, respectively, after Faust (1999). Scale bars, 10 mm. 
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The morphological descriptions of the Ostreopsis specimens provided 
here suggest the presence in the Mediterranean Sea of two distinct 
species: O. cf. siamensis and O. ovata. Both species are distinguishable 
from each other based on the cell size, different shape due to the different 
DV/AP ratio, and thecal pore size. Despite the lack of undulation when 
viewed laterally (figure 3f), morphology of O. cf siamensis from the 
Mediterranean Sea coincided with Fukuyo' s (1981) redescription, 
because it has only a single class of thecal pore sizes. However, because 
of the ambiguities concerning this species and lack of cultures on the 
type species, we believe it is more reasonable to name it O. cf siamensis 
until cultured material from the type locality is available. As a whole, the 
plate pattern and cell size of our O. cf. siamensis and O. ovata fit the 
seven other described species well, in which the l' and 5''plates never 
touched each other. The morphological differences observed in this study 
were fully supported by the phylogenetic analyses on the basis of the 
5.8S rDNA-ITS sequences, as discussed below. 
 
Table 4. Molecular diversity indexes in the 5.8S rDNA and ITS regions 
between two species of Ostreopsis and other dinoflagellates. 
 
Species Between species (%) 
O. ovata vs. O. cf. siamensis 29.22 ± 2.12 
A. catenella
a vs. A. taylorib 37.74 ± 1.94 
A. tamarense
c vs. A. taylori 37.05 ± 1.86 
K. micrum
d vs. K. mikimotoie 28.39 ± 1.67 
 
aSequence accession no. were AJ272120, AJ298900, and AB006990. 
bSequence accession no. were AJ251654, AJ251653, and AJ300451. 
cSequence accession no. were AF374224, AF374225, AF374226, 
AF374227, AF374228, AB006991, AB006992, and AB006993. 
dSequence accession no. were AF352365, AF352366, and AF352367. 
eSequence accession no. were AF318223 and AF318224. 
Data are expressed as percentage of the net number of nucleotide 
differences ± SD between species. SD calculated on 10,000 bootstrap 
replicates.  
 
The use of pore size as a tool to differentiate species appeared more 
complex than previously thought. Except for O. mascarenensis (0.6 µm), 
O. caribbeanus (0.6 µm), and O. ovata (0.07 µm), the thecal pore sizes of 
the other species were in the same range found in this study (Table 5).  
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Table 5. Morphometric characteristics of the existing Ostreopsis species in 
comparison with O. cf. siamensis and O. ovata of this study. Dorso-ventral 
diameter (DV), trans-diameter (W), length of the apical pore (Po) and 
diameter of the thecal pares (Thecal pare). Original descriptions are shown 
in bold type. 
 













60-100 45-90  1 size (small) Fukuyo 1981 
 Tear-shaped 108-123 76-86 27 2 sizes (0.50-
0.10) 
Faust et al. 1996 
 Pointed 
ovoidal 
60-85 38-45  2 sizes Chang et al 2000 
O. cf. siamensisa Pointed tear-
shaped 
50-75 38-62 7.4-9.7 0.11 to 0.56 This study 
Ostreopsis sp.  
(field samples) 
 63-90 34-56 ≈10 0.10-0.20 Vila et al. 2001 
O. lenticularis lenticulate 60-100 45-80  2 sizes Fukuyo 1981 
 Lenticulate to 
broadly oval 
65-75 57-63 16 0.40 Faust et. al. 1996 
 Lenticulate to 
broadly oval 
70-95 55-75  1 size Chang et al 2000 
O. ovata ovate 50-56 25-35  1 size (minute 
pores) 
Fukuyo 1981 
  34-67 25-40   Tognetto el al. 
1995 
 Tear-shaped 47-55 27-35 8 0.07 Faust et al. 1996 
 Narrow and 
ovoid 
38-50 25-35  1 size Chang et al 2000 
 Pointed tear-
shaped 
27-65 19-57 6.9-9.6 0.16 to 0.55 This study 
O. heptagona Broadly 
ovoidal 
96-112 48-70   Norris et al. 1985 
 Broadly oval 80-108 46-59 15 0.30 Faust et al. 1996 




 Broadly oval 155-178 118-134 26 0.60 Faust et al. 1996 
O. labens Broadly 
ovoid 
81-110 70-80 18 0.30 Faust and 
Morton 1995 
O. marinus Broadly oval 83-111 73-85 24 0.33 Faust 1999 
O. belizeanus Pointed oval 79-92 38-48 16 0.42 Faust 1999 
O. caribbeanus oblong 56-81 26-47 17 0.60 Faust 1999 
a
O. cf. siamensis is the same species than that described as Ostreopsis sp. in 
Vila et al. (2001). 
 
Furthermore, pore size seems not to be a conservative feature; there is a 
continuum in size variability that can explain the differences observed 
between previous studies and the present work. 
All Ostreopsis spp. isolates used for the analyses of toxic activity showed 
the presence of palytoxin; hence, from this point of view, no difference 
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was found between the two species of Ostreopsis in the western 
Mediterranean Sea. Nevertheless, we expect in the future that when 
additional toxins of the palytoxin group are described and analytical 
techniques are improved, different toxin profiles will be uncovered 
within the genus Ostreopsis, as in other dinoflagellate genera (Giacobbe 
et al. 2000). 
 
Phylogenetic analyses.  
 
The 5.SS rDNA-ITS regions have been considered useful in phylogenetic 
reconstruction even in distantly related taxa (Adachi et al. 1996, 
Hershkovitz and Lewis 1996). In this study, the alignment of ITS-5.SS 
rDNA sequences between C. monotis, Ostreopsis spp., and their 
respective outgroups provided good phylogenetic resolution, 
discriminating two genetically distinct lineages both in C. monotis and 
Ostreopsis spp. The European and Asian O. ovata isolates, as well as the 
European and Asian C. monotis isolates, are phylogenetically well 
separated. This means that probably the European and Asian isolates of 
both genera evolved independently over time (Scholin et al. 1995), as 
clearly shown by the high percentage of net nucleotide differences. In 
this case, the total alignment of the higher variable ITSl and ITS2 regions 
together with the 5.SS rDNA sequences proved robust within each genus, 
allowing an evaluation of the intraspecific variability among isolates of 
O. ovata and C. monotis. Considering the divergence of the ITS regions, 
each European and Asian specimen of both genera may constitute 
distinct species or genetically distinct clades (Manhart and McCourt 
1992, Montresor et al. 2003). In contrast, the phylogenetic analyses and 
genetic divergences suggest that the Mediterranean and European isolates 
of C. monotis represent a single evolutionary lineage. 
 
Concerning the origin of Ostreopsidaceae in the Mediterranean basin, 
two alternative scenarios can be envisaged, endemic versus introduced. It 
could be inferred that because Coolia isolates from the 
Mediterranean/northwest Europe are phylogenetically well differentiated 
from Asian isolates, the reintroduction seems much less plausible. The 
same holds for O. ovata, even if in this case the differentiation between 
Asian and Mediterranean isolates is less pronounced. Anyway, a higher 
number of ITS-5.SS rDNA sequences of new sampled isolates should be 
required to resolve the phylogeographic aspect of the Ostreopsidaceae. 
In summary, the phylogenetic, morphological, and toxicological 
characterization of several Ostreopsis and Coolia isolates done in this 
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study was a necessary step to better understand their implication in a new 
concern related to benthic microalgae presence in many coastal localities 
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CAPÍTULO 2: Desarrollo de un método de 
cromatografía líquida para determinación de 




















































































































































Capítulo 2.1: Analysis of palytoxin-like in Ostreopsis 
cultures by liquid chromatography with precolumn 





A rapid Liquid Chromatography (LC) method is presented which uses 
fluorescence detection (FLD) for palytoxin analogue analysis in benthic 
dinoflagellates of the genus Ostreopsis. The amino-acidic reagent 6-
aminoquinolyl-N-hydroxisuccinimidyl carbamate (AccQ) was used for 
fluorescence labelling followed by (LC-FLD).  
The efficacy of the method is exemplified by comparison of the results of 
the quantification obtained by LC-FLD and the hemolytic assay 
performed for palytoxins for which a highly significant linear correlation 
was achieved (r2=0.9118). The derivatized palytoxin analogues were 
determined in the range of 0.75-25 ng.  
The proposed method was successfully applied to the determination and 
quantification of palytoxin analogues in 14 samples from different strains 
of Ostreopsis from different locations (Western Mediterranean Sea, 
Canary Islands, Madeira Islands and Southern coasts of Brazil). To 
confirm the chemical structure of the toxins, samples were also analyzed 
by Liquid chromatography coupled with mass spectrometry (LC-MS) 
with a system that has a poorer sensitivity when compared with LC-FLD 
detection and the hemolytic assay. The successful use of this method 
with dinoflagellates is a good indicator of suitability for other types of 
marine samples. 
 
Keywords: Palytoxin, Ostreopsis, AccQ derivatization, Liquid 






The palytoxin is a non-protein molecule extracted from soft coral of the 
genus Palythoa and one of the most poisonous marine toxins known to 
date. The lethal doses of palytoxin in rats, mice, guinea pigs, rabbits, 
dogs, and monkeys range between 0.03 and 0.45 µg·Kg-1 by intravenous 
administration. By extrapolation a toxic dose in a human would be 
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between 2.3 and 31.5 µg (Uemura 1991). Poisoning produced by this 
toxin represents a serious threat since several cases of death as a result of 
the ingestion of a variety of organisms have been reported (Noguchi et al. 
1987, Alcala et al. 1988, Onuma et al. 1999, Granéli et al. 2002, 
Taniyama et al. 2002, Taniyama et al. 2003) (Table 1).  
 
Origin Vector Incidences References 
Ostreopsis ovata Sea urchin 2 possible deaths Granéli et al 
2002. 
Ostreopsis sp. Clupeides 1death Onuma et al 
1999 
 Parrotfish 11 intoxications Taniyama et al 
2002 
 Serranides 6 deaths Taniyama et al 
2003 
Table 1 Reported cases of intoxications produced by palytoxin 
 
The molecule is very large and complex, it has the longest continuous 
chain of carbon atoms known to exist in a natural product with lipophylic 
and hydrophylic regions.(Shimizu 1983, Moore 1985) (figure1). 
Moreover, the molecular weights of the family of palytoxins varies 
depending on the species from which they are obtained, ranging from 
2659 to 2680 (Tan & Lau 2000). This group of toxins displays a 
characteristic delayed hemolytic activity that can be neutralized by the 
ouabain antagonist (Habermann et al. 1981). Toxins with similar 
molecular weights to those of palytoxins were found in dinoflagellates of 
the genus Ostreopsis and showed the typical delayed hemolysis that 
could be suppressed by ouabain. All these facts support the hypothesis 
that the Ostreopsis toxin is not palytoxin itself but is an analogue 
(Nakajima et al. 1981, Hirata et al. 1988, Tosteson et al. 1989, Ukena et 
al. 2001, Ukena et al. 2002, Riobó et al. 2004).  
In the determination of palytoxin It is often necessary to use a 
combination of methods to confirm its presence (Mereish et al. 1991a, 
Gleibs et al. 1995, Onuma et al. 1999, Tan & Lau 2000, Granéli et al. 
2002). Using Diode Array Detection and LC separation, the Palytoxin 
UV spectrum shows two absorption peaks contributed by the two 
chromophores at 233 and 263 nm (figure1) this characteristic UV 
absorption profile of palytoxin is one parameter that could be used to 
verify the presence of the toxin but the interferences that are presented in 
the biological matrix (dinoflagellates or other marine organisms) notably 
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diminishes the sensitivity of the method (Noguchi et al. 1987). On the 
other hand, the application of Ion-spray (LC-MS) could be used to detect 
the presence of palytoxin as well as to analyze the structural differences 
in palytoxins obtained from a different matrix. The LC-MS experiment 
shows a similarity between the positive ion spray MS profile of a 
palytoxin standard and Ostreopsis toxin, their fragmentation patterns are 
similar and have serial dehydrations, inducing several losses of 18 Da 
moieties from parent and fragment ions and the characteristic loss of the 
m/z 327 fragment. Only the characteristic m/z 327 fragment could be 
used for quantification however the intensity is too low, likely due to 
ionization suppression which is a problem caused by co-eluting peaks 
from the biological matrix. 
 
Figure1: Structure of palytoxin. Double bonds responsible of characteristic UV 
absorption profile are emphasized. The boxes show the amino terminal group 




In recent years, AccQ has been demonstrated to be an excellent 
derivatizing reagent for amino acid and protein analysis (figure 2) 
(Cohen & Michaud 1993, Reverter et al. 1997, Wandelen & Cohen 1997, 
Liu et al. 1998, Sun & H. 1999, Liu et al. 2001). Taking advantage of the 
presence of one amino terminal group in the palytoxin molecule, a new 
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pre-column derivatization method has been established for the separation 
and quantification of palytoxin using the derivatization reagent 6-
aminoquinolyl-N-hidroxysuccinimidyl carbamate (AccQ), followed by 
liquid-chromatography (LC), fluorescence detection (FLD) and electro-
spray ionization mass spectrometry (MS) confirmation.  
The utility of the method is exemplified by comparison of quantitative 
results obtained by LC-FLD and the typical hemolytic assay performed 
with palytoxins (Habermann et al. 1981, Habermann & Chhatwal 1982a, 
Gleibs et al. 1995). In this research, AccQ was used for the first time as a 
derivatizing reagent for palytoxin analysis in marine organisms and it 






















An AccQ-Fluor reagent kit, purchased from Waters Corp (Milford, MA, 
USA), Methanol (MeOH), Acetic acid, Ammonia solution, Calcium 
chloride (CaCl2 x H2O) and Boric acid (H3BO3) from Merck; Ouabain, 
Phosphate buffered saline tablets and Bovine serum albumin from Sigma 
(St. Louis, MO, USA); Palytoxin standard (25 ng·µL-1) from Palythoa 
tuberculosa (Mw 2680) from Wako (Osaka, Japan) and Sheep blood in 
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2 L cultures of Ostreopsis from different locations (Western 
Mediterranean, Canary Islands, Madeira and Brazilian coast) (Table 2) 
were grown in L1 medium without silicates (Guillard & Hargraves 
1993), at a salinity of 34 psu, Photosynthetic Active Radiation (PAR) in 
the range of 120-170 µmol·photons·m-2·s-1 measured with an QSL-100 
quantum sensor (Biospherical Instruments, Inc., San Diego, CA, USA) 
provided by daylight fluorescent bulbs under a 12:12 h light/darkness 
cycle regime and temperature held at 23 ºC ± 1. 
 
Table 2: Ostreopsis strains used in this work belonging to the Culture 
Collection at the Instituto Español de Oceanografía in Vigo, Spain 
(CCVIEO) and its locations. 
 
 
Toxin extraction  
 
For palytoxins analysis, cultures were harvested on approximately the 
20th day after inoculation. The total volume was filtered through 1.4 µm 
GF/C glass fibre filters of 25 mm diameter (Whatman, Maidstone, 
England). The filters with the cells were re-suspended in MeOH and 
sonicated to homogenize the suspension using the sonication probe 4710 
of the Ultrasonic Homogenizer (Cole-Parmer, Chicago, IL, USA). 
STRAINS LOCATIONS 
OS01BR Atlantic, Rio de Janeiro, Brazil 
VGO610 Atlantic, Bay of Abra, Madeira Islands 
VGO611 Atlantic, Bay of Abra, Madeira Islands 
VGO613 Atlantic, Bay of Abra, Madeira Islands 
VGO614 Atlantic, Bay of Abra, Madeira Islands 
VGO769 Atlantic, Pta. Hidalgo, Tenerife, Canary Islands  
OS21AM Mediterranean, Almería, Spain 
OS2V Mediterranean, Almería, Spain 
CNRZ1 Mediterranean, Balearic sea, Paguera, Spain 
VGO820 Mediterranean, Catalonian sea, Spain 
OSA1 Mediterranean, Tyrrenian sea, Gioia Tauro, Italy 
CNRB4 Mediterranean, Tyrrenian sea, Ganzirri, Italy 
OSD1 Mediterranean, Tyrrenian sea, La Spezia, Italy 
VGO693 Mediterranean Sousse, Túnez 
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Finally it was centrifuged for 10 min, at 3000 rpm and 10 ºC. The 
supernatants were taken and the filters washed again with MeOH. The 
supernatants were combined and the methanol fraction was subjected to a 
variety of different analyses and assays. 
In order to eliminate interferences due to biological matrix, solid phase 
extraction (SPE) of the samples was applied using Oasis Max cartridges 
(Waters) with two retention mechanisms: anion exchange and reverse 
phase without silanol groups. Cartridges were conditioned with 2 mL 
MeOH and equilibrated with 2 mL water. Subsequently 2 mL sample 
dissolved in water were loaded and washed with 2 mL of aqueous 2% 
NH4OH to elute free amino acids (fraction 1). Next, a second wash with 
2 mL MeOH was performed (fraction 2) and finally, palytoxin was eluted 
with 2 mL MeOH:5% aqueous acetic acid (80:20) (fraction 3). Toxicity 
was proved by hemolytic assay (Riobó et al. 2004). 
 
LC-diode array detection (DAD).  
 
Analyses of extract and reference palytoxin were carried out with a 
Waters 510 pumps connected  to Waters 2996 photodiode. Separations 
were performed on a Xterra C18 column, 5µ (150 x 4.6 mm i.d.) at 35ºC. 
A linear gradient was applied between A: (MeOH : ammonium acetate 
0.1 M,; pH 4 (58:42)) and B: (MeOH) at a flow rate of 0.75 mL·min-1. 
Gradient conditions were as follows: from the beginning to 16 min steady 
to 100% A; linear rise over 2 min. rising to 100% B; from 18 to 22 min. 
steady at 100% B; then a linear fall from 100% B to 100% A between 
min 22 and 25; from 25 min to 30 min steady at 100% A (initial 
conditions). 
The column effluent was monitored by UV absorbance at 230 nm and 
263 nm, the two principal characteristic peaks of palytoxin (figure 1).  
 
Derivatization of standards and samples 
 
The derivatization reagent was formed by reconstituting the AccQ with 
acetonitrile (final concentration approximately 10 mM according to the 
specifications of the Waters Fluor Reagent Kit). An appropriate pH for 
derivatization was obtained using borate buffer (pH 8.8) supplied by 
Waters in the same Fluor Reagent Kit (AccQ-Tag). An aliquot of 
standard and samples eluted from Oasis cartridges were dried on to 2 mL 
(12 x 32 mm) screw neck glass vials using a Universal vacuum system 
plus “Savant” UVS400A (Ramsey, MN,USA) and re-suspended with 10 
µL of water followed by mixing with 70 µL of 0.2 M borate buffer. 
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Immediately after this, 20 µL of AccQ reagent (10 mM in acetonitrile) 
were added, vortex whirled for 15-20 seconds and heated at 50 ºC for 10 




In the LC-FLD system derivatized samples or standards were separated 
on an XTerra C18 5µ (150 x 4.6 mm i.d) column at a flow rate of 0.6 
ml·min-1 and were detected with a Waters 474 fluorescence detector. 
Excitation wavelength was 250 nm and emission wavelength was 395 
nm. 
For LC-FLD-MS, separation of derivatizated and non derivatizated 
samples was carried out on an Xterra MS C18 5µ (150 x 2.1 mm i.d.) 
column, at a flow rate of 0.3 ml·min-1. FLD was made using the above 
described method and subsequently, mass spectrometric measurements 
were performed using an ion trap mass spectrometer, Thermo Finnigan 
LCQ-Advantage, equipped with an electro-spray ionization (ESI) 
positive interface. ESI was performed by a 4.5 KV spray voltage and 300 
ºC capillary temperature, flow rate was 20 ml·min-1 for sheath gas and 5 
ml·min-1 for auxiliary gas. Full scan data, in positive ion mode, was 
acquired from m/z 100 to 2000 in order to identify di-charged prominent 
ions (P. tuberculosa m/z 1362.7 [M + 2Na]+) and the characteristic loss 
of the m/z 327 fragment. 
For LC-FLD and LC-FLD-MS the same eluting agents and gradients 
were used and the column was kept at 35 ºC for both systems. The 
gradient profile and mobile phase composition were: Eluting agent A: 
(MeOH); eluting agent B (2 mM. aqueous ammonium acetate pH 5.8). 
Gradient conditions were as follows: initial 20% A; linear rise over 5 min 
rising to 60% A; linear rise over 15 min rising to 80% A; from 15 to 25 
min steady at 80% A; then a linear fall from 80% A to 20% A between 





The positive toxicity of samples was proved using an hemolytic assay 
based on Bignami´s method (1993) as modified by Riobó (Riobó et al. 
2004a) using Sheep blood in Alsevers (Bignami 1993a). The assay 
depends on the ability of palytoxin to cause the hemolysis of red blood 
cells. The specific presence of palytoxin or its analogues is demonstrated 
by the prevention of hemolysis by including an Ouabain type antagonist 
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in the assay medium (Habermann & Chhatwal 1982a, Gleibs et al. 1995). 




One extract from a phytoplankton sample of Ostreopsis was spiked with 
palytoxin standard at final concentrations of 5, 10 and 12.5 ng·µL-1 
followed by a cleaning up using an Oasis Max cartridge, as described in 
the experimental section. Eluates were dried under N2 stream and then re-
suspended in water. One aliquot of each eluate was analyzed by LC-MS 
and another was derivatized using the method developed in the 




Derivatized palytoxin standards and eluates obtained from an Oasis Max 
cartridge of a phytoplankton sample with and without added palytoxin 
were stored at 4 ºC and analyzed on the day of derivatization and after 6, 
12 and 30 days. 
 
RESULTS AND DISCUSSION  
 
Biological assays were carried out with all the Ostreopsis samples listed 
in table 2. We found that the Ostreopsis crude extract and the respective 
fraction 3 eluted from the Oasis Max SPE with MeOH : Acetic acid 5 % 
(80:20) displayed toxicity in mice and in the hemolytic assay. The 
Ostreopsis toxins induced a delayed hemolytic activity similar to that 
observed with the reference palytoxin; moreover the fact that the 
Ouabain antagonist suppressed the toxin present in extracts indicates the 
similarity between the Ostreopsis toxin and palytoxin and makes it 
possible to quantify toxins such as palytoxin equivalents. The hemolytic 
assay is an excellent tool for estimating the toxicity of the samples as a 
result of the extremely low level that it is possible to detect about 0.005 
pg·µL-1 (0.8 pg·well-1) (figure 3). However analytical techniques to 



























Figure3: Comparison between Hemolysis concentration response curve 
of palytoxin after incubation for 4 h without interruption with and 
without antagonist ouabain pretreatment of erythrocytes suspension. 
Figure 4: LC-DAD chromatograms of extract of Ostreopsis strain and 
1.25 µg of Palytoxin standard and respective UV-spectra of both 
palytoxin standard palytoxin standard peak and peak from sample at the 
same retention time. 
 
LC-DAD of some of the Ostreopsis extracts showed a peak that eluted 
with the same retention time as palytoxin standard and sharing the same 
UV spectrum characterized by two maxima at 233 and 263 nm. (figure 
4). However with the less toxic extracts it was not possible to detect the 





matrix notably diminish the sensitivity of this method to around 1 to 2 µg 
making it a method of limited use. 
Figure 5: Representative chromatograms of derivatized blank (A) in 
comparison with derivatized palytoxin standard (B), derivatized 
MeOH:acetic eluate from Oasis Max cartridge of Ostreopsis sample (C) 
and the previous eluate spiked with palytoxin standard (D). Experimental 
conditions for LC-FLD are given in the text. The arrow indicates the 
palytoxin peak. 
 
The LC-FLD method developed for palytoxins prior to derivatization 
with AccQ was applied to the analysis of the 14 phytoplankton samples 
mentioned. All the derivatized samples showed a peak that elutes at the 
same retention time as the derivatized palytoxin standard. Samples 
spiked with palytoxin were also derivatized and subjected to 
chromatography proving that the area of this peak increases in relation to 
the palytoxin addition. Minor interference appeared in all sample 
chromatograms just before the palytoxin retention time (figure 5) 
however it was demonstrated that this interference is not difficult to 











































































when checking it against the haemolytic assay for the 14 different 
samples. The LC-FLD is shown to be a very robust method because 
interferences do not affect quantification. Derivatized palytoxin shows 
strong fluorescence at 395 nm when excited at 250 nm. This fluorescent 
derivative was obtained after a few seconds and remained stable for up  
two weeks at 4 ºC (Table 3). Excess of reagent was hydrolyzed to AMQ, 
which does not interfere with the toxin. The stability of AccQ-Fluor 
derivatives of the palytoxin standard and Ostreopsis sample were tested 
by measuring fluorescence over one month. Samples were stored at 4 ºC 
and carefully sealed to prevent evaporation. Equally the stability of 
samples with and without palytoxin spiking was tested daily over 12 days 
(Table 3). After 30 days a decay of 40% was observed in the quantity of 











The recovery of palytoxin in the SPE using Oasis Max cartridges was 
quantified after derivatization by fluorescence with an optimum 
percentage of recovery, around 95.13% ± 7.80% SD. This result together 
with the excellent correlation between the haemolytic assay and LC-FLD 
measurements make the derivatization process a very good alternative to 
the other analytical techniques currently in use.  
 
LC-MS, which was applied in order to obtain structural information 
about the molecule, showed palytoxin standard at m/z 1362.7 and 
Ostreopsis toxins at m/z 1335.0, indicating doubly charged ions for both 
toxins. The molecular weights obtained for the respective derivatized 
ions were m/z 1447.8 and m/z 1421.0. Differences were a result of the 
large molecular weight range of the family of palytoxins. Moreover, the 
molecular weight of the toxin found in all the 14 Ostreopsis strains 
analysed resulted very close to the Ostreocin D reported by Ukena 
(Ukena et al. 2001). 
Conversely, a characteristic fragment obtained by thermal fragmentation 
observed for several palytoxins m/z 327 could arise from cleavage 
Table 3
Repeatability and stability of fluorescent adduct
Days
Standard Sample Sample+Standard 
0 13.57 ± 0.13 2.81  ± 0.08 4.98 ± 0.16 8.36 ± 0.42
6 13.46 ± 0.12 2.24 ± 0.20 4.70 ± 0.15 7.82 ± 0.25
12 13.32 ± 0.11 2.07 ± 0.51 4.44 ± 0.16 7.85 ± 0.39




between carbons 8 and 9 of the toxin molecule in all the samples 
(figure1) (Uemura et al. 1985, Ukena et al. 2001, Ukena et al. 2002). The 
palytoxin molecule (figure 5) has three amino groups; one of them is a 
primary amino terminal group and the others are in the characteristic m/z 
327 fragment. The LC-MS chromatograms and spectrum obtained with 
derivatized and non-derivatized standard and samples reveals that the 
AccQ reagent reacts with the primary amino terminal group, because the 
mass of the m/z 327 fragment does not change with the derivatization 
procedure. A mass difference of 171 Mw was observed between non-
derivatized and derivatized molecules of standard and samples as a result 
of the AccQ reagent (figure 6). The correlation obtained between 






































Figure 6: MS spectra of: underivatized palytoxin standard (70.5 ng) (A), 
underivatized fraction 3 from Ostreopsis extract (B), derivatized 





than that obtained with LC-FLD. LC-MS is therefore only suitable for 
confirmation and should not be used to quantify under current conditions. 
Sensitivity of the LC-FLD method is exemplified by comparison with the 
calibration curves obtained using mass spectrometry. Amounts between 
0.75 to 25 ng against 20 to 120 ng of palytoxin standard were injected to 
calculate the linear regression equation from the fluorescence and LC-
MS standard curves respectively (figure 7). 
The limit of detection (LOD) was defined as the amount of palytoxin 
which gave a response of three times the average area of the background 
noise peaks for the chromatogram basal line. LOD is the lowest amount 
of palytoxin in a sample that can be detected as opposed to quantified. 
LOD for derivatized palytoxin was found to be 0.75 ng.  
  
y = 2,7895x + 0,4578
R2 = 0,9118




















Figure 7: Comparison between palytoxin quantitation from hemolytic 
assay and both the FLD method and MS (m/z 327) method. The linear 
correlations were respectively 0.91 and 0.86. 
 
The limit of quantification (LOQ) was defined as the amount of palytoxin 
which gave a response of ten times the average height of the background 
noise for the chromatogram basal line. LOQ is the lowest amount of 
palytoxin in a sample that can be determined with acceptable precision 
and accuracy under the stated operational conditions of the method LOQ 
for derivatized palytoxin was found to be 2 ng (Table 4).  
 
The LC-FLD method does not require expensive instrumentation such as 
the LC-MS employed in some recent studies and furthermore it increases 












Table 4: Limits of detection and limits of quantitation for palytoxin likes 
with different methods expressed as ng. 
 
In conclusion, an easy and quick one-step pre-column derivatizing 
method by LC-FLD was performed. This method is a very sensitive tool 
for the detection and quantification of palytoxin using a fluorescence 
detector. 
The system was successfully applied to 14 Ostreopsis cultures from 
different locations, obtaining excellent results both regarding the clean-
up level and the recoverability and stability of the fluorescent adduct.  
The application of LC-FLD defines identification and quantification by 
fluorescent adduct of palytoxin types or palytoxin analogues in different 
samples and has been demonstrated by additional LC-MS information. 
This method should be appropriate for other samples such as molluscs, 
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CAPÍTULO 3: Ensayos biológicos para 














































































































































Capítulo 3.1: Mouse bioassay for palytoxin. Specific 






Nowadays, a variety of protocols are applied to quantitate palytoxin. 
However, there is not desirable agreement among them, the confidence 
intervals of the basic toxicological parameters are too wide and the 
formal descriptions lack the necessary generality to establish 
comparisons. Currently, the mouse bioassay is the most accepted one to 
categorize marine toxins and it must constitute the reference for other 
methods. In the present work, the mouse bioassay for palytoxin is deeply 
analyzed and carefully described showing the initial symptoms of 
injected mice which are presented here in the first time. These symptoms 
clearly differ from the more common marine toxins described up to now.  
Regarding to the toxicological aspects two considerations are taking into 
account: (i) the empiric models based in the dose-death time relationships 
cause serious ambiguities and (ii) the traditional moving average method 
contains in its regular use any inaccuracy elements.  
Herein is demonstrated that the logistic equation and the accumulative 
function of Weibull’s distribution (with the modifications proposed) 
generate satisfactory toxicological descriptions in all the respects. 
 






Palytoxin is one of the most potent non-protein marine toxins known 
belonging to a group of closely related, very poisonous aliphatic 
molecules with high molecular weights of around 2600 Da (Habermann 
& Chhatwal 1982b). It has been primarily isolated from the marine 
zoanthids Palythoa. Subsequently, it was also found to be present in 
benthic dinoflagellates of the genus Ostreopsis (Usami et al. 1995, 
Onuma et al. 1999, Lenoir et al. 2004, Riobó et al. 2004); which is 




habitats. The Ostreopsis species are important components of subtropical 
and tropical marine coral reef-lagoonal environments. However, 
currently, they are also distributed worldwide probably as a result of  
global warming and trade globalization, since some species are 
transported by  ships as part of the ballast water. 
 
Palytoxin was confirmed as the causative agent in human seafood 
poisoning through the consumption of crabs (Alcala et al. 1988), 
mackerel (Kodama et al. 1989), triggerfish (Fukui et al. 1987), sardines 
(Yasumoto et al. 1986, Onuma et al. 1999) and parrotfish (Taniyama et 
al. 2003). Palytoxin seafood poisoning is characterized by nausea, a 
sharp, metallic or bitter taste, vomiting, hypersalivation, abdominal 
cramps, severe diarrhea, paresthesia of the extremities, severe muscle 
spasms, respiratory distress, dispnea, tachycardia, chills, cyanosis, 
vertigo, progressive muscular paralysis, convulsions and respiratory 
failure (Yasumoto et al. 1986, Alcala et al. 1988). In severe cases, 
patients died within 30 minutes to a few days (2-4 days) of intoxication, 
while in mild cases they survived by treatment with endotracheal 
intubation (Kodama et al. 1989). 
 
Since 1998, along the North Italy coasts and subsequently in North East 
Spain and Greece, noxious blooms of Ostreopsis, which can cause 
breathing difficulty in humans, have already been recorded (Ciminiello et 
al. 2006). On the other hand, two Ostreopsis species (O. cf. siamensis 
Smith and O. ovata Fukuyo) have been identified in the Mediterranean 
Sea, and both are shown to produce palytoxin (Penna et al. 2005). These 
blooms have caused benthic fauna mortality (possibly due to anoxia), and 
problems for humans (skin irritations, respiratory illness and in some 
cases fever). 
 
Palytoxin can be detected and quantitatively measured by the use of 
biological assays, although chemical analytical methods are necessary to 
confirm its presence. Biological methods have the advantage of defining 
characteristic symptoms in models of different complexity (mice, 
cells...). Moreover they provide information about the total toxin content 
based on the measurement of a single biological or biochemical response 
which involves the activity of all the congeners present in the sample. 
The knowledge of potential global toxicity is priority in the monitoring 





Table 1: Symptoms of detectable toxins by mouse bioassay (Yasumoto et 
al. 1978). PSP (Paralytic Shellfish Poisoning), AO (Okadaic Acid), DTX 
(Dinophysitoxins) 
 
Currently, mice bioassays are the only methods recognized 
internationally for determination of PSP (Paralytic shellfish poisoning), 
DSP (Diarrhetic shellfish poisoning) and NSP (Neurotoxic shellfish 
poisoning) toxins in sanitary controls. Moreover the careful observation 
of mice injected with crude extracts can help to characterize known 
toxins or indicate the presence of other –maybe new– ones. The mouse 
responds to the injected toxin by exhibiting several characteristic 
symptoms prior to death, and the dose-death time relationship observed 
in mice indicates that this toxin differs from the more commonly known 
marine toxins Table 1. The distinguishing initial symptoms recorded in 
mice after intraperitoneal (i.p.) injection of palytoxin are described here 
for the first time. These distinctive initial symptoms are really important 
because regardless of mice die or survive, they are going to show them. 
At present, bibliography of mouse bioassay for palytoxins is not very 
clear (Table 2) in relation to definition of “mouse unit” (MU), detection 
limit, LD50 value (which ranges between 150 and 720 ng/Kg), and 
observation time of mice (from 4 to 48 hours). Additionally, some of the 
usual models in the toxicological evaluation of this and other marine 
toxins (Table 3) contain questionable aspects from the point of view of 




Toxins Symptoms after ip. injection 
PSP Jumping in the early stages, ataxia, ophthalmia, paralysis, 
gasping and death (usually in <15 min) by respiratory arrest 
Domoic acid Spasms, scratching ears 
AO, DTX1,DTX2 Deep depression, weak of limbs, convulsion (40´-24h) 
DTX3 Deep depression, weak of limbs, convulsion (1h-48h) 
Pectenotoxins Similar to PSP, survival time over 20´(30´-24h) 
Yessotoxins Similar to PSP, survival time over 20´(40´-5h) 
Brevetoxins B1, B2 Similar to PSP, survival time over 20´(40´-48h) 
Azaspiracid Similar to PSP, survival time over 20´(40´-36h) (with low doses, 
creeping paralysis)  
Gymnodimine Similar to PSP  
Espirolids Similar to PSP 
Ciguatoxins Diarrhea, dysnea, paralysis, convulsion 





     
Table 2: Data regarding response to palytoxin (mouse assay, intraperitoneal 
injection) according to different authors. 
     
     
observation time (h)  LD50 (ng/kg)  reference 
     
     
4    Tan and Lau 2000 
24  450  Onuma et al. 1999 
48    Ballantine et al. 1988 
48  150  Taniyama et al. 2002, 
Taniyama et al. 2003 
48  720  Rhodes et al.2002 
24  295  this work 
     
 
      
Table 3: Some usual models for toxicological evaluation of marine toxins, 
with mouse as assay animal. 
      
      
toxin  model   reference 
      
      
ciguatoxin  logD = 2.3 log (1+1/t) [a]  Lehane and Lewis (2000) 
saxitoxin  logD = 2.3 log (1+1/t) [b]  Fernández et al. (2003) 
saxitoxin  1/t = a+b logD [c]  Holtrop et al. (2006) 
palytoxin  D = 225.19t –0.99 [d]  Teh and Gardiner (1974) 
OA  and  
DTX2 
 contingency table [e]  Aune et al. (2007) 
      
      
[a]: t=death time in hours. [b]: as [a], but restricted to the interval in which 
the relationship between the transformed variables is lineal. [c]: t=death time 
in hours. [d]: t=death time in minutes; D=dose in Mouse Units (1 MU defined 
as dose that kills a mouse of 20 g in 4 hours). [e]: based on the binomial 
distribution and resulting in a second degree polynomial. 






Under these conditions, the present work examines (i) the conceptual 
problems linked to the use of the survival time for the determination of 
the dose for semi-maximum response; (ii) the reliability problems linked 
to the traditional moving average method and (iii) the results, appreciably 
more reliable, obtained applying the models that will be discussed in the 
subsequent sections. 
 
Besides proving the accuracy, very superior, of the last approach, such 
results allow to recommend (in accordance with international general 
assent for lipophylic toxins) an observation time of 24 hours for the 
mouse bioassay, to define the MU for palytoxin as the amount of the 
toxin that kills a mouse 24 hours after i.p. injection, and to use the DR 
model proposed here as the base for a calibration curve through which 
equivalences can be established with the haemolysis method for 
palytoxin recently published (Riobó et al. 2008). 
 




Palytoxin standard isolated from the coelenterate Palythoa tuberculosa 
was provided by Wako Chemicals and was re-suspended in MeOH 50% 
at 25 ng/µL final concentration. An aliquot of methanolic palytoxin 
standard was dried under N2 stream. Subsequently it was re-suspended in 
Tween 60 1% solution for their use in the mouse bioassay. 
 
Mouse bioassay  
 
The mouse bioassay for palytoxins is based on the neurotoxic effect 
caused by an organic extract obtained from a biological sample, which is 
dried and re-suspended in aqueous Tween 60 1% solution following the 
protocol described for lipophylic toxins (Yasumoto et al. 1978). In the 
current work healthy male Swiss mice NMRI, weight 20±1 g are used. 
The stock colony for routine assay is managed following the Council 
Directive (EC 2007) on the approximation of laws, regulations and 
administrative provisions of the Member States regarding the protection 
of animals used for experimental and other scientific purposes.  
Dilutions of palytoxin standard in Tween 60 1% solution, are prepared 
over the following range: 2.5, 5, 5.8, 6.6, 7.5, 10, 15, 20, 25 and 30 
ng/mL equivalent to the following Dose: 125; 250; 290; 330; 375; 500; 




were respectively injected with the two highest Dose and were carefully 
observed until death. Then 20 mice were injected with 250 ng/Kg and 10 
mice for each one of the other doses of palytoxin were injected.  
Toxicity determination is performed in relation to death time of the mice 
ip injected with 1 mL of Tween standard solution. After inoculation mice 
must be carefully observed paying attention to the symptoms in the initial 
15 minutes and recording the times of the beginning of the stretching of 
hind limbs, lower back and the concave curvature of spinal column. The 
death time is determined as the time elapsed from completion of injection 
to the last gasping breath of the mouse. To establish it, mice must be 
observed continuously in one hour. Subsequently, observation is 
performed intermittently each 30 minutes. If mice survive for 12 hours, 




Fitting procedures and parametric estimations from the experimental 
results were performed by minimisation of the sum of quadratic 
differences between observed and model-predicted values, using the non-
linear least-squares (quasi-Newton) method provided by the macro 
‘Solver’ of the Microsoft Excel XP spreadsheet. Subsequently, 
confidence intervals of the parametric estimations (Student’s t test) and 
consistence of mathematical models (Fisher’s F test) were determined 
using the non-linear section of Statistica 6.0 pack (StatSoft, Inc. 2001).  
 
RESULTS AND DISCUSSION 
 
1. Symptoms associated to the mouse bioassay 
 
The symptoms of the mice initially injected with the two highest doses of 
palytoxin started very fast in all of them (Table 4), after about two 
minutes, with characteristic stretching of hind limbs, lower backs and 
concave curvature of the spinal column. All these mice showed 
considerable damage from the beginning with their hair standing on end 
and possible blindness. The death times recorded with 1500 ng/Kg 
ranged between 42 min and 55 min and with 1250 ng/Kg ranged between 
42 min and 84 min (Table 5). When the survival time of mice was still 
less than one hour, the mice showed convulsions, gasping for breath and 
finally death. When the mice survived more than one hour the death time 
varies considerably because the mice remained motionless with 
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minimum energy consumption. This situation can go on for hours and the 
movements of the mice are just reflexes. 
 
Table 4: List of the initial time of symptoms (t0) recorded in all the injected mice 
t0  
    
Dose 
(ng/Kg) 
(min:seg) Average %SD 
1500 1:44, 1:13, 2:14, 3:00, 2:15 2:05 32 
1250 2:40, 2:30, 1:57, 1:50, 2:36, 1:30, 1:30 2:05 24 
1000 2:40, 3:00, 3:00, 2:00, 2:00, 2:00, 2:00, 3:00, 1:00, 1:00 2:01 35 
750 2:59, 2:10, 1:38, 2:24, 3:08, 2:41, 3:06, 2:26, 1:46, 3:10 2:33 22 
500 5:00, 2:00, 3:00, 2:30, 2:00, 3:00, 2:00, 3:00, 2:00, 3:00 2:45 33 
375 3:30, 3:40, 4:12, 2:24, 3:36, 1:19, 2:38, 2:57, 2:29, 2:55 2:58 28 
330 3:49, 8:48, 7:58, 7:07, 5:22, 3:05, 6:42, 3:32, 3:13, 2:00 5:37 43 
290 6:48, 3:48, 4:21, 4:00, 2:40, 4:45, 3:29, 4:08, 4:06, 3:13 4:08 27 
250 3:00, 10:00, 3:25, 5:3, 6:00, 3:00, 2:30, 7:00, 6:00, 3:00 
4:10, 4:14, 3:14, 3:00, 4:56, 2:56, 2:47, 2:36, 4:26, 2:23 
4:08 45 
125 5:40, 4:50, 5:00, 5:20, 2:29, 4:00, 2:37, 4:00, 3:34, 4:01 4:09 26 
 
Bearing in mind these results, the rest of the mice were injected for one 
of each mentioned doses of palytoxin (ranging between 125-1000 ng/Kg) 
specified in Methods section. The difficulty and complexity of mice 
bioassay is revealed by the high variability of death times, which also 
overlap for different concentrations (Table 5). All the mice injected with 
the toxin, regardless of whether they died or stayed alive, showed, within 
15 minutes (Table 4), the characteristic initial symptoms described 
above, i.e. stretching of hind limbs, lower backs and concave curvature of 
the spinal column.  
This assay is definitely a very useful tool for palytoxin, since its high 
sensitivity reaches 250 ng/Kg, a value considered as the detection limit 
according to many authors. The distinguishing initial symptoms recorded 
in mice after intraperitoneal (i.p.) injection of palytoxin are not showed 
after the injection of other lipophylic toxins and they do not interfere 
with any of hydrophilic toxins (Table 1). Besides being exclusive for 
palytoxin, these symptoms are showed always after i.p. injection of 
palytoxin, regardless of mice will death or will survive symptoms and 
they reveal unmistakably the presence of palytoxin in a short period of 





Table 5: List of the death times recorded in all the injected mice 
dead  Death time  Dose 
(ng/Kg) 
number of 
mice (48 h) (min) 
1500 5 5 46, 43, 42, 55, 52 
1250 7 7 84, 54, 36,48,54,61,72 
1000 10 10 135, 135, 135, 165, 115, 135, 135, 90,180,220 
750 10 10 285, 255, 255, 140, 90, 100, 120, 90, 195, 430 
500 10 10 360, 300, 360, 660, 660, 690, 800, 800, 900, 1250 
375 10 10 450, 570, 1230, 840, 840, 510, 450, 840,1320, 1440 
330 10 10 250, 250, 610, 700, 960, 970, 1080, 1080,1330,1450 
290 10 5 840, 840, 1410, 720, 2160 
250 20 9 1320, 1320, 1320, 1320, 840, 840, 720, 1930, 2400 
125 10 0   
 
2. Time course of survival at different doses 
 
The death (or survival) time is a magnitude frequently used for the 
toxicological evaluation of the palytoxin by means of the mouse 
bioassay. Accepting this approach (that later on we will criticize), we 
studied in the first place the variability of the death time in 8 groups of 
mice treated with increasing doses of palytoxin (250; 290; 330; 375; 500; 
750; 1,000 and 1,250 ng/kg). The results, in terms of mortalities, were 
fitted to the mL and mW models. (equations [B7] and [B10]; Appendix 
B).  
 
In all the cases the parametric estimations were statistically significant 
(Student’s t; α=0.05), and the models were consistent (Fisher’s F; 
α=0.05). With very slight differences, however, the best correlations 
between observed and expected results were obtained with the mW 
equation (figure 1) and, consequently, the corresponding t0.5 values were 
those applied to the analysis that we discuss next. 
This way, we will represent the variability of the survival time through a 











































































































250 ng/kg 290 ng/kg
330 ng/kg 375 ng/kg
500 ng/kg 750 ng/kg
1000 ng/kg 1250 ng/kg
 
 
Figure 1: Normalized mortality curves (for absolute values see Table 5) 
of mice treated with the specified doses of palytoxin (ng/kg in healthy 
male Swiss mice NMRI, weigth 20±1 g). Experimental values (points) 





3. The relation between dose and survival time 
 
As we have pointed out in the precedent section, this relation shows two 
serious inconveniences even though its frequency of use in the field of 
the marine toxins: 
 
(i) Dose for semi maximum effect (mortality or another quantifiable 
characteristic of the population; in any case m in mW or mL) is the 
essential parameter of the DR analysis. The time passed until the 
manifestation of the measured effect is another datum of interest, but 
scarcely relevant in connection with the measure of the effect in the strict 
sense. In other words: if the dose Dn kills the 50% of one target 
population in one hour, we will say that Dn is the lethal dose 50% in one 
hour; if it kills the 50% in 10 hours we will specify this period, but we 
will follow labelling such dose as lethal 50%. On the contrary, the death 
time linked to a given effector contains very little information if the dose 
is not enunciated. 
 
(ii) On the other hand, the survival (or death) time cannot be permissibly 
used to calculate the dose for semi-maximum effect, because such a time 
is not delimited: at null dose –even at sufficiently low doses– the survival 
















Dose (ng/kg)  
Figure 2: Effect of palytoxin dose (D) on survival half time (t0.5). 
Experimental data (points) and fitting (continuous line) to the exponential 
negative model [1]. Survival half time values were calculated by means 
of the model mW, from previously established mortality curves (figure 1 
and Table 5). 
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An additional form of this second inconvenience arises in our case when 
one examines the dose-survival time relationship using the t0.5 values 
obtained through the mW model. Indeed, as it is shown in figure 1, the 
asymptote of the response to the two lower doses is lower than 1 (what 
indicates that a fraction of the population is immune to these doses). This 
way, the corresponding t0.5 values have a different meaning under such 
conditions and they cannot be used jointly with the remaining ones. 
Figure 2 shows the dose-t0.5 relationship limited to the interval in which 
the whole population dies. 
 
To attribute a functional form to the experimental results of the figure 2, 
several transformations could be assayed without another justification 
that the achievement of the best fitting. The clearest option is probably to 
work with natural values, that can be described by means of a negative 
exponential model: 
 
 ( )0.5 expt a rD= ⋅ −   ;  where: [1] 
 D dose (ng/kg) 
 a numeric fitting parameter (dimensions: time) 
 r numeric fitting parameter (dimensions D–1) 






Now then, this equation can describe the situation with a reasonable 
numerical accuracy (the correlation coefficient between expected and 
observed results was 0.990), but it is seriously problematic from the 
toxicological point of view. Indeed, the values resulting from [1] for the 
semi-maximum response and the corresponding dose are 20.3 hours and 
229.7 ng/kg, respectively. However, these values imply to admit that the 
intercept of the function is 40.6 hours, what represents an inadmissible 
extrapolation: the biological meaning of a (or t0.5 at null dose) is half of 
the average life of the test animal, without a doubt bigger than 40.6 
hours. Obviously, any other model applied to the relationship between 
dose and survival or death time will be also equally ambiguous, or even 
more, if the natural values are subjected to logarithmic or reciprocal 
transformations. 
 
A way to avoid such an ambiguity would be, as is suggested in Appendix 
A, using the equation [1] in the role of the link expression [7A] into the 




response is described as a simultaneous function of the time and the dose 
by means of the product of two equations mW –as in [6A]–, such an 
expanded model would have the general form: 
 
 ( ) ( )1 2  ,  ;   ,  ;m mDR K W t a t W m a D= × ×  [2]  
 
Where tD has the meaning of semi-maximum response time, depending 
on the dose, and does not generate problems at null dose because in this 
case the response (measured in terms of any characteristic of the target 
population) is null. That is: the dose-response time relationship is only 
useful when is included into a bivaried model, where the time, as the 
dose, has the character of an independent variable. This situation is 
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Figure 3: DR relationships treated by means of the moving averages 
method described in Appendix A, section 2. A: experimental results from 
an assay performed with 4 doses of palytoxin (125; 250; 500; 1,000 
ng/kg) and 10 mice per dose, the response being the number of death 
animals. B: hypothetical results (which will lead to the same LD50) 
corresponding to the permutation of the central values for the death 
vector. C: effect of increasing the number of points used for smoothing 
(moving averages, window=3) of a simulated sigmoid profile with an 
arbitrary error of normal distribution (µ=0; σ=1). 
 
Although the model [2] is without doubt the more complete to apply to 
the temporal progression of the response to an increasing series of doses, 
here we will disregard him, because its use demands a very high number 






4. The moving averages method and its problems. 
 
Applying this method –as described in Appendix A, section 2– to an 
assay performed with 4 doses of palytoxin (125; 250; 500; 1,000 ng/kg; 
q=2) and n=10, we obtained the vector of death (0, 2, 10, 10), to which 
the Thompson and Weil tables assigned the values f=0.3 and σf =0.133. 
Therefore the equations [8A] and [9A] lead to (note that the LD50 is not 
the center of the 95% confidence interval):  
 
LD50 = 307.79 (255.84 to 370.27) ng/kg 
 
Figure 4 shows what is implied by this result, together with what would 
be implied if the central values were permuted (and which would lead to 
the same conclusion). If the first case does not appear over conclusive, 
the second only reasonably induces a re-start. Certainly, in order to that 
the smoothing of a sigmoid profile should not appear abusive we need 
more than 4 points, as shown in the same figure 4C (in other words, the 
equation for a sigmoidal curve requires at least 3 parameters, such that 4 
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Figure 4: Effect of palytoxin dose (ng/kg in male mice, weigth 20±1 g: 
D) on the normalized mortality after 24 hours, with 10 animals per dose 
(response: R). Experimental values (points) fitted to the mW (solid line) 








5. The direct formulation of dose-response relationships. 
 
In the context of the toxicological analysis of marine toxins expressions 
which parameters are only adjust coefficients, without biological 
meaning, are often proposed, avoiding the convenient adaptation of the 
functional form to the determinant factors of the DR phenomenon. As 
well, the best adjust is looked for throughout transformations of the 
variables (inverse, logarithmic) that alter the variance relations and 
introduce biases in the parametric estimates. Therefore, the toxicology of 
these effectors is abundant in models that, without a doubt, translate 
correctly the observations that suggest them, but they lack of theoretical 
justification and mechanistic content (Table 3).  
 
We do not deny that these models are adjusted to the experimental data. 
We solely state that they are only applicable in particular cases (some 
authors warn this explicitly), that their forms do not allow to compare 
parameters really relevant in the DR phenomenon, and that the 
confidence intervals of their estimates are often –when their rigorous 
calculation is possible–unacceptably wide (Table 3). It is true that these 
approaches can reduce (but not too much) the sacrifice of animals. 
However, it would be convenient that this desirable reduction can be 
gotten through alternatives that does not violate the basic suppositions of 
the dose-response theory. A typical case in this respect is the mouse 
bioassay, applied to several marine neurotoxins (Table 3), strongly 
attacked by ethical and economic considerations, and however it 
constitutes an unavoidable referent, even in those cases when alternatives 
bioassays for the same toxophore and action mode are possible. Maybe, 
the lack of optimum models to establish rigorous equivalences make 







































Figure 5: Simulation of two response surfaces (R) to an effector as a 
simultaneous function of the time (t) and the dose (D), under the 
hypothesis of independence (A: model [6A]) and dependence (B: model 
[2]) between both variables. 
 
     
Table 6: Parametric estimations (α=0.05) and correlations between 
expected and observed results referred to the palytoxin activity (mouse 
bioassay, mortalities at 24 hours), calculated by fitting of experimental 
results to mL and mW models. LD50 (m) in ng / kg. See also figure 5. 
     
     
 eq. mL [B7]   eq. mW [B10] 
     
     
K = 1.008 ± 0.040  K = 1.003 ± 0.029 
µ = 0.045 ± 0.014  a = 9.340 ± 1.943 
m = 293.5 ± 7.299  m = 294.6 ± 5.384 
r = 0.996  r = 0.998 
     
 
When, as occurs today, a linear fitting is performed in seconds with a 
personal computer, the use of an algebraic model is justifiably the best 
option for describing a DR relationship. To this respect, as it was already 
said, the equations mL [4A] and mW [5A] are specially appropriate, for 
the reasons adduced in the Appendix A, as well as for their ability to 
translate distributions of populational sensitivities to an effector more 
realistic that the normal one. 
 
The verification of these models was performed by means of an assay 
with 8 dose which included the geometric progression of the precedent 
one, and 4 additional doses distributed within the same domain,  
quantifying the response as mortality at 24 hours. Both functional forms 
led to satisfactory fittings (Table 6 and figure 5), and the tests of Student 
and Fisher (both for α =0.05) allowed to conclude the statistical 
significance of all the parametric estimates, as well as the consistency of 
the models. The values obtained for m (mL: 293.5 ± 7.299; mW: 294.6 ± 
5.384 ng/kg) showed a good agreement with the one derived of the 
moving averages method [LD50=307.79 (255.84 to 370.27 ng/kg)], with 






With the specific aim of establishing in a rigorous way the toxicity of the 
palytoxin, we have described in detail the characteristic symptoms of its 
effects on the mouse, and evaluated different resources for quantifying 
the biological response to an effector from the point of view of the 
adaptation to the basic features of the DR phenomenology. Despite of its 
common use in the field of the marine toxins, it is concluded that empiric 
models based on the dose-survival time or dose-death time relationships 
generate serious ambiguities and make difficult to obtain reasonably 
general descriptions. 
 
The traditional moving average method contains, in the usual application 
of the Thompson and Weil tables, inaccuracy elements that involve 
confidence intervals too wide and make doubt about the tolerance to the 
permutation of the central values of the death vector. 
Logistic and Weibull’s models (modificated to adequate them to the DR 
context) can be applied in a consistent way to the toxicological dynamics 
of the palytoxin. Such descriptions provide parameters with very 
satisfactory confidence intervals, with unequivocal biological meanings 
and suitable for performing standardizations, transferences and 
toxicologically relevant comparisons among different systems and 
evaluation methods. 
 
The LD50 value for palytoxin in the mouse bioassay by i.p. injection 
using a 24 h reference time is herein established in 294.6 ± 5.384 ng/Kg 
according to Weibull model 
The utility of this assay is highlighted in the routinely mouse bioassay for 
lipophylic toxins because (regardless of the present of another toxins) in 
the initial 15 minutes could be identified the presence of palytoxin in the 
sample paying attention to the initial symptoms described in the current 
work. Furthermore, the death time could be used as semi-quantitative 
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1. Theoretical considerations about the dose-response (DR) analysis 
 
As it was pointed out at the end of the precedent section, our approach 
requires to consider here two important aspects of the DR analysis, as 
well as the current application of such analysis in the marine toxins field. 
 
1.1. The two basic dimensions of the response to an effector. 
 
In the response of a population to an effector, it is key the fact that the 
populational sensitivity is a random variable subjected to any probability 
distribution. Thus, if the populational sensitivity varies according to a 
unimodal distribution function, the response at increasing doses of the 
effector (i.e., the corresponding cumulative function) is necessarily 
sigmoidal. For the same reason, the response is sigmoidal throughout the 
time, because a greater sensitivity to the effector is not only translated as 
responses at lower doses, but also at shorter times. However, the 
elements that respond at lower doses are not necessarily the same that 
respond at shorter times (the time that one element “resists” is a different 
concept of the dose that one element “resists”). Consequently, a 
description of the response including both aspects will be a bivariate 
function of the type represented in the figure 3B. A way to establish that 
function would be the following: 
 
i. To describe the response R as a function of the dose D by means of an 
expression of the type: 
 
 ( ), ;iR f K p D=  [1A] 
 
K being the maximum (asymptotic) response and pi an additional group 
of parameters that now is not necessary to define. 
 
ii. To describe the response R as a function of the time t by means of an 
expression of the type: 
                                                                                                                                                  
 ( ), ;iR g K q t=  [2A]  
K being the maximum (asymptotic) response and qi an additional group 




iii. Since the real maximum response is the same at doses high enough 
and times large enough (i.e., R=K when D→∞ and t→∞), the function 
which describes the surface in the figure 3B will have, in the simplest 
case, the general form: 
 
 ( ) ( )  ;   ;i iR K f p D g q t= × ×  [3A]  
 
Regardless of its specific meaning, the pi parameters describe the 
response on the domain of the dose, whereas the qi parameters describe 
the response on the domain of the time. Although in both cases the 
profile is sigmoidal, and the asymptote (K) is the same, a time-response 
experiment would not allow conclusions about the parameters (pi) that 
define the effect of the dose on the response (dose for semi-maximum 
response and safety margin, or slope, are toxicologically the most 
relevant). In the same way, an experiment dose-response would be 
useless to evaluate the parameters (qi) that define the time-course of the 
response (time for semi-maximum response and maximum rate are the 
most relevant in this kinetics perspective). 
 
1.2. The appropriate functions to model DR relationships. 
 
Another essential aspect of the DR analysis concerns to the specific 
functional forms of the generic expressions [1A] and [2A]. In previous 
works (Murado et al. 2002, Murado & Vázquez 2007), this extreme has 
been discussed with detail and it has been concluded that the logistic and 
the accumulative function of the Weibull’s distribution are the most 
suitable equations (both modified to make them consistent with the 
essential facts of the DR analysis: see appendix). 
 












 where:  ( )exp 1A mµ= −  ; ( )exp 2B mµ= −   ;   and:  
 R response, with K as maximum value. 
 m dose for semi-maximum response. 





Modified Weibull’s function (from now on mW) is: 
 





    
= − −   
     
  ;  where: [5A] 
 R response, with K as maximum value.  
 m dose for semi-maximum response.  
 a form parameter, related with the maximum slope of the 
response.  
 
With slight differences, both equations translate satisfactorily the basic 
facts of the DR phenomenology, and their parameters have precise 
biological meanings (although a in mW is more ambiguous than µ in mL). 
Both allow the direct calculation of the confidence intervals of the 
parametric estimates. Finally, both are suitable to describe the response 
also as a function of the time: it is sufficient to change D for t in [4A] and 
[5A], making the respective conceptual transferences in the parameters. 
Thus, in both equations m changes into t0.5, or time for semimaximum 
response; in mL µ means the maximum increment of R per unit of R and 
unit of D, and in mW the a parameter changes to get involved in the 
temporal slope of the response. 
In this way, a specific form of the equation [3A] could be the product of 
two mW equations, one of them with the time and the other with the dose 











          
= − − − −         
             
 [6A]  
 
 







mWD is in principle a feasible model. 
 
However, it must be pointed out that this approximation assumes the 
statistical independence of the equations that describe the response as a 
simultaneous function of the dose and the time. This involves that the m 
value is the same regardless of the considered time, an assumption which 
is as extreme as the coincidence of both responses. In front of this 




elements that respond at lower doses responds too at shorter times. It 
implies to accept that the t0.5 parameter is not independent of the dose; 
that is, in [6] it must be changed t0.5 to a function of the type: 
 
 ( )Dt j D=  [7A]  
 
where tD is now a variable. Undoubtedly, a function that relates the 
response time with the dose would be very useful. Regrettably, however, 
to establish its form does not exist general criteria so clear like those that 
lead to [4A] and [5A]. In this way, if the response time is considered as 
the response to an increasing series of doses, it must be resorted to 
models the unavoidable empiricism of which can only be accepted if they 
are included in other (e.g. equation [6A]) with a bigger theoretical base. 
 
2. The moving averages method and its problems 
 
A procedure that has been widely applied in the last decades is based on 
tables created over 50 years ago by Thompson and Weil (Thompson 
1947, Thompson & Weil 1952, Weil 1952). The tables of Thompson and 
Weil are set up assuming 4 doses in geometric progression with factor q, 
and organised into sections according to the number of animals treated 
per dose (n, that can be 2, 3, 4, 5, 6, or 10, but always the same for all 
doses). When starting, the vector (r1, r2, r3, r4) of dead animals at each 
dose must be specified (the order between r2 and r3 can be interchanged), 
providing as the output two magnitudes (f and σf) that allow us to 
calculate LD50 and its confidence interval CI (with α=0.05) using the 
expressions: 
 
 ( )50log log 1aLD D d f= + ⋅ +  [8A] 
 
 log 2 fCI d σ= ⋅ ⋅   ;   where: [9A] 
 
Da lowest of the dosage levels used (ng/kg).  
d logarithm of the constant ratio q between dosage levels 
(dimensionless). 





In this way, the limits of the confidence interval (α=0.05) for the LD50 
are: 
 
upper limit = 50log log10 LD CI+ ; lower limit = 50log log10 LD CI−  
 
The advantages that the authors attribute to this method are its simplicity 
and the absence of a link to a specific DR model, which avoids the 
«fitting of complex mathematical curves» (Weil 1952). Certainly, 
avoiding the implied calculation in the non-linear fittings was an 
important factor half century ago. This advantage, however, is practically 
irrelevant with the informatics resources available today, and advises that 
we should examine the possible cost in precision, in particular if we are 
dealing with highly active toxins.  
 
In reality the method postulates a concrete DR model. The work 
performed by the tables is equivalent to smoothing a profile which is 
supposed sigmoidal by the moving averages method and to calculate the 
LD50 (m) after linearization of the smoothed values through the probitic 
transformation (the use of the dosage in a geometrical progression is 
simply a resource that facilitates the linearization). This way, the use of 
the probitic transformation postulates a normal distribution for the 
populational sensitivity to the effector, and the corresponding normal 
accumulative function for the DR profile. Although the distributions with 
domain (–∞;∞) create some inconvenient in the DR context (Murado et 
al. 2002), this approach is clearly preferable to the empiric relationships 
as those mentioned in Table 3, its problems being of a more practical 
character. 
 
Firstly, the vectors of death are of 4th order, what –in tables performed 
with window=3 for moving averages– supposes to work with the 
minimum admissible number of doses (3+1), too low for a sigmoidal 
function. Secondly, it seems excessive to tolerate the permutation of the 
central values of the vector of death. Naturally, when the series (r1, r2, r3, 
r4) and (r1, r3, r2, r4) are smoothed by moving averages with window=3 
the numerical result is the same; but often one of the series suggests the 
repetition of the assay. Finally, while it is true that it is always convenient 
to use doses with increasing spacing, the geometric progression is a very 





Appendix B. Dose-response and survival models used. 
 




Logistic equation can be transferred from its habitual formulation (as a 
model for describing an autocatalytic kinetics, or a biological growth) to 
the context of the DR relationships, where it would have the form: 
 















 ,  where: [B1] 
  
 
 R response, with R0 and K as minimum and maximum values, 
respectively. 
 D dose. 
 µ maximum specific rate of response (maximum increment of     
the R per unit of R and per unit of D). 
 
Although [B1] is sometimes used directly as DR model, in this 
application it is important to introduce two modifications: 
 
 
1. To eliminate the intercept (to make R0=0), so that the model obeys the 
condition of null response at null dose. Besides a basic fact of the DR 
relationships, the condition R0=0 is useful for the calculation of the 
remaining parameters by means of non lineal fitting methods. Indeed, 
with real data, affected of experimental error, the calculation can lead to 
unacceptably high values of R0. The problem decreases including 
restrictions that limit R0 to very low values, but it can create biases in the 
value of µ, very sensitive to the experimental error, in particular to 
overestimations –frequent in the practice– of the response at low doses. 
 
2. To reparametrize the equation, so that it includes explicitly the dose 
for semi-maximum response (ED50, LD50, m in our notation), an essential 
parameter in the DR analysis. It allows the direct calculation of the 
corresponding confidence interval by means of computer applications as 





Beginning with the reparametrization, if we make R=K/2 in [A1], we 
have c = m, and therefore: 
 





+ −  
 [B2] 
 
Now, since the intercept (R for D=0) of [B2] is: 
 








the logistic equation without intercept is: 
 







 ++ −   
 [B3] 
 
In this last equation, however, K and m do not represent the maximum 
response and the dose for semi-maximum response, respectively, the real 














= =  
+ 
 [B4] 
 ( )1 ln 2 exprm mµµ= +    [B5] 
 
So that the model includes such real values, K and m could be isolated 
from [B4] and [B5], and the resulting expressions to be introduced in 
[B3]. A simpler resource, however, is to reorder [B5] in the form: 
 
 ( ) ( )exp exp 2rm mµ µ= −  
 
and to substitute, in [B3] and [B4], the term exp(µm) for its equivalent 






( ) ( ) ( ) ( )
exp 1 1 1









−    
= − 
− −+ − −    
 [B6] 
 
For simplifying the notation, it can be made: 
 













which is the mL model used in this work. 
 




In terms of DR model, the original accumulative Weibull’s function 







= − −  
   
 [B8] 
This form has the advantage on the logistic model of its null intercept. 
However, its use as a DR model makes convenient two modifications: 
 
1. Multiplication of the second member for the maximum response K, so 






    
= − −   
     
 [B9] 
 
2. Reparametrization of the equation, to make explicit the dose (m) for 
semi-maximum response. This way, if we make R=K/2 in [B9], we have: 
 
 ( )1/ln 2 am β=  ; ( )1/ln 2
m




what leads to the definitive form: 
 





    
= − −   
     
 ;  where: [B10] 
 R response, with K as maximum value. 
 m dose for semi-maximum response. 
 a  form parameter, related with the maximum slope of the 
response. 
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Capítulo 3.2: Proposal for a simple and sensitive 
haemolytic assay for palytoxin. Toxicological 






Benthic dinoflagellates of the genus Ostreopsis are important 
components of subtropical and tropical marine coral reef-lagoonal 
environments. Currently, as a result of global warming and trade 
globalization, they are also distributed worldwide. These microalgae are 
shown to produce palytoxin, one of the most potent non-protein marine 
toxins known. 
The hemolytic assay is a very easy, rapid and sensitive method to 
determine palytoxin. However, under the conditions reported in previous 
works this assay is inadequate for a rigorous dose-response treatment, 
since: 1) it produces degenerate sigmoidal profiles, with a pronounced 
slope which makes the calculation of the ED50 very sensitive to the 
experimental error; 2) at the usual work temperature, the in vitro stability 
of the system is low, which accentuates the variability and ambiguity of 
the response. To resolve these problems hemolysis of sheep erythrocytes 
by palytoxin is studied including its toxicological dynamics, its kinetics, 
its inhibition by ouabain and its response to temperature. The results 
show that, to obtain a smoother, more stable and reproducible response, it 
is necessary to apply two resources simultaneously: operation at a 
moderate temperature and partial inhibition of the palytoxin by ouabain. 
It also produces highly reliable parameters and allows strict equivalencies 
to be established with the mouse bioassays, a traditional reference point, 
though bioethically questionable and 20 times less sensitive than the 





Palytoxin is a polyol compound that shows extreme acute toxicity 
(Moore & Scheuer 1971). This toxin has been primarily isolated from 
marine Coelenterates of genus Palythoa and shows remarkable biological 
activity at an extremely low concentration. The intoxication produced by 
palytoxin represents a serious threat, as there have been a number of 
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deaths associated with the ingestion of contaminated seafood. Deaths 
have reportedly occurred after comsumption of contaminated crabs in the 
Philipines (Alcala et al. 1988), sea urchins in Brazil (Granéli et al. 2002) 
and fish in Japan (Fukui et al. 1987); (Onuma et al. 1999); (Taniyama et 
al. 2003) etc… 
 
As other neurotoxins, palytoxin can be quantified via traditional mouse 
bioassays, which were first carried out over 50 years ago (Thompson 
1947, Thompson & Weil 1952, Weil 1952) and have basically remained 
unchanged ever since. These assays quantify the mortality of a small 
population of animals, which follows a violent and unusual contraction of 
its striated and smooth musculature, with increasing doses of the effector. 
As well as its neurotoxic character, another characteristic property of 
palytoxin is its capacity to bind, in mammal erythrocytes, to the external 
part of the Na+/K+ pump converting it into an ionic channel, which 
causes the rapid depletion of K+, followed by delayed coloidosmotic 
hemolysis (Habermann et al. 1981, Artigas & Gadsby 2003a, Hilgemann 
2003). The hemolysis by palytoxin is specifically inhibited by Ouabain 
(Habermann & Chhatwal 1982a), a glycoside that binds to the sodium 
pump in the same place as palytoxin does. 
 
Mouse bioassays are criticised for bioethical and economic reasons, 
which have led to the development of other methods to minimise the 
death of animals, but which are less accurate. As in the case of the 
traditional method of moving averages (Thompson 1947, Thompson & 
Weil 1952, Weil 1952) or the more recent anaesthetic one (Holtrop et al. 
2006). Abandoning these bioassays, however, is viewed reluctantly. 
Against chromatographic methods have been adduced their inability to 
assess the real biological activity when the toxin is accompanied by 
active structural analogues. Against methods based on delayed hemolysis 
–free from this previous problem and able to support a satisfactory 
bioassay– the objection is the lack of identification value of the 
symptoms prior to the mouse’s death. However, the methods based on 
the hemolytic effect are dependent on the same molecular or toxoforic 
architecture as the neural fault of the mouse.  
 
The use of empirical models is common in the evaluation of the activity 
of marine toxins. Regrettably, such models do not take into account the 
basic facts of the general relationships between the effector doses and the 
response produced in the target population (DR relationships). They 
usually search for simple linear forms throughout transformations 
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(logarithmic and reciprocal). This reduce their accuracy, introduce biases 
and therefore cannot be justified nowadays adducing the complexity of 
the work with non-linear models. Furthermore, the parameters of these 
models lack of biological significance, which give rise to uncertainties in 
their use and can not be extrapolated to other systems. The advantage of 
the mechanistic and semimechanistic models is the establishment of a 
much stronger relationship of equivalence. 
 
In this research, the toxicological dynamics of hemolysis by palytoxin 
and its inhibition by ouabain is studied using models whose foundations 
have been discussed in detail in previous studies, and whose form has 
been refined to adapt them rigorously to the description of DR 
relationships (Murado et al. 2002, Murado & Vázquez 2007). The 
thermal stability of the system is also investigated through the Arrhenius 
approximation, demonstrating that the formal methods applied produce 
coherent kinetic and dynamic descriptions. Information obtained in this 
way is used to define a sensitive and reliable assay which, under 
moderate temperature and partial inhibition of the palytoxin by ouabain, 




MATERIALS AND METHODS 
 
1. Experimental methods 
 
PBS solution: The vehicle for erythrocyte, palytoxin and ouabain 
dilutions was a solution containing 0.1 % bovine serum albumin (BSA), 
1 mM calcium chloride (CaCl2·2H2O) and 1 mM boric acid (H3BO3) in 
phosphate buffered saline (PBS) 0.01 M, pH 7.4 (Sigma) 
 
Palytoxin solution: The solution of palytoxin used, obtained from 
Palythoa tuberculosa, was provided by Wako Chemicals (Wako 
Chemical Industries, Ltd., Japan) as 100 µg of dry extract that was 
suspended in MeOH : Water (1:1) at 25 ng·µL-1 final concentration. 
Assays were performed by using the following series of dilutions in PBS: 
2.500; 1.250; 1.000; 0.750; 0.660; 0.580; 0.500; 0.375; 0.250; 0.125; 







Table of symbolic notations used. 
  
  
H : Normalized hemolysis. Dimensions: percent (or unitary fraction) 
of hemolysis. 
t : Time. 
Hm : Maximum hemolysis. Dimensions: percent (or unitary fraction) of 
hemolysis. 
µm : Maximum specific rate of hemolysis. Dimensions: t–1 
H0 : Initial hemolysis. Dimensions: %H 
vm : Maximum growth rate of hemolysis. Dimensions: %H.t
–1 
λ: Hemolysis lag phase. Dimensions: t 
kr: Kinetic constant. Dimensions: Arbitraries (for example, 1
st order 
kinetic: t–1) 
T : Absolute temperature. Dimensions: Kelvin (K) 
A: Arrhenius pre-exponential factor. Dimensions: Arbitrary (e.g. 1st 
order kinetic: t–1) 
Ea (kr): Activation energy (kr). Dimensions: J.mol
-1 
A1: Arrhenius pre-exponential factor (µm). Dimensions: t–1 
A2: Arrhenius pre-exponential factor (vm). Dimensions: %H.t
–1 
R: Gas-law constant. Value and dimensions: 8.315 J.mol-1.K-1 
Ea (µm): Activation energy (µm). Dimensions: J.mol-1 




Ouabain solution: Starting from1 mM solution, the following dilutions in 
PBS were prepared: 1, 2, 3, 4 and 5 µM. To carry out the experiment 
with ouabain the 1:99 erythrocytes dilution was prepared with 50% of 
each one of the ouabain concentrations cited above and incubated to the 
specific temperature for 30 minutes before the assay. 
 
Erythrocyte preparation: Sheep blood in Alsever was kindly provided by 
I. Manzano (CZ Veterinaria, S.A.; Porriño, Spain). Erythrocytes were 
separated from plasma by centrifugation (400 g, 10 ºC, 10 minutes), 
washed twice with PBS solution, then a first dilution (1:9) of 
erythrocytes in PBS at final concentration around 1.7 x 108 red cells·mL-1 
was prepared.  
 
Assay procedure: The Hemolytic assay is based on Bignami´s method 
(Bignami 1993b). Two blood solutions with and without ouabain were 





i) Blood solution without ouabain: 1 volume of the erythrocyte 
preparation was combined with 9 volumes of PBS solution.  
 
ii) Blood solution with ouabain: 1 volume of the erythrocyte 
preparation was combined with 4 volumes of PBS solution and 5 
volumes of the appropriate ouabain dilution and the mixture were 
incubated to the desired temperature during 30 minutes. 
 
Next, 1 volume of each one of the previously blood solutions mentioned 
was mixed with 1 volume of the appropiate palytoxin dilution and 
incubated over pre-established times at the same temperature. 
The control solutions were prepared as follows: 
 
i) hemolysis 0% (Blank): was prepared by mixing both blood 
and PBS solutions (1:1)  
 
ii) hemolysis 100%: was achieved by mixing blood solution and 
distilled water (1:1). 
 
After the incubation period, erythrocytes were separated by 
centrifugation (300 x g, 10ºC, 10 min). A 200 µL portion of each 
supernatant was further transferred to a microwell plate to measure the 
absorbance at 405 nm into a microplate reader.  
 
It must be taking into account that concentrations of erythrocytes, 
ouabain and palytoxin in the final reaction mixture are respectively equal 
to ½, ¼ and ½, of their values in the original preparations, but references 
will only made to the original concentrations to avoid confusions.  
 
To study the effect of temperature on the reaction rate by means of the 
Arrhenius’ model, the hemolytic activity induced by a 0.25 pg.µl-1 
palytoxin solution at 15, 20, 25, 35, 40 and 45 ºC was checked over a 
period of 15 hours. Analyses were performed in centrifuge tubes with 
enough volume to transfer triplicate aliquots of 300 µl to a 96-well 
microtitre plate at intervals of 30 minutes or 1 hour depending on the 
reaction rate. Plate containing triplicate samples was centrifuged at 300 g 
and 10ºC for 10 minutes (Sigma K10 centrifuge equipped with a Sigma 
11222 microplate rotor). After centrifugation a 200 µL portion of each 
supernatant was transferred to another plate to measure absorbance at 




2. Numerical methods 
 
Fitting procedures and parametric estimations from the experimental 
results were performed by minimisation of the sum of quadratic 
differences between observed and model-predicted values, using the non-
linear least-squares (quasi-Newton) method provided by the macro 
‘Solver’ of the Microsoft Excel XP spreadsheet. Subsequently, 
confidence intervals of the parametric estimations (Student’s t test) and 
consistence of mathematical models (Fisher’s F test) were determined 
using the non-linear section of Statistica 6.0 pack (StatSoft, Inc. 2001). 
 
RESULTS AND DISCUSSION 
 
Dose equivalence in assays of the same effector on two different 
receptors 
 
To evaluate the effect of palytoxin on mice in vivo using its hemolytic 
effect on in vitro sheep erythrocytes, a relationship between the functions 
that describe corresponding responses needs to be established: to define 
in assay 1 a dose D1 that produces the same response RI  as the dose D2 in 
assay 2. Generally speaking, the descriptive functions can be expressed, 
in terms of dose D and three parameters, as:  
 
 R = f (D; K, m, υ) [1] 
 
K being the maximum response, m the dose that corresponds to the semi-
maximum response and υ being a parameter related to the response 
slope, in a way which varies according to the specific function under 
consideration. In this way, we can write: 
 
 ( ) ( )1 1 1 1 1 2 2 2 2 2; , , ; , ,iR f D K m f D K mυ υ= =  [2] 
 
Usually the two responses can be described by the same model; in other 
words, f1 and f2 will have the same functional form, although this is not 
an essential condition. In any case, once the parametric values of both 
models have been estimated, to obtain one of the doses as a function of 
the other, we can formulate a conversion function (δ) of the type: 
 
 ( )1 2 1 1 1 2 2 2; , , , , ,D D K m K mδ υ υ=  [3] 
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In this study, and for reasons discussed previously (Murado et al. 2002, 
Murado & Vázquez 2007), the descriptive functions used were the 
logistic equation and the cumulative function of the Weibull distribution, 
both modified to adapt them to DR analysis (See appendix A). 
 












 where:  ( )exp 1A mµ= −  ; ( )exp 2B mµ= −   ;   and: 
 R response, with K as maximum value. 
 m dose corresponding to semi-maximum response. 
 µ maximum specific rate (increment of R by unit of R and unit of 
D). 
 
and when the DR relationships involved in the transformation are 
described via this model, the conversion function δ  which allows the 
determination of dose D1 that produces in assay 1 the same response Ri as 














=   ;  where: [5] 
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    ;    ( )2 2 2expE Dµ= −  
 
On the other hand, the modified Weibull function (hereinafter mW) has 
the form: 
 





    
= − −   
     
 [6] 
 R response, with K as maximum value. 
 m dose corresponding to semi-maximum response. 
 a form parameter, related to the maximum slope of the 
response. 
 




































= −  
   
 
 
Figure 1 illustrates the main precaution that should be taken into account 
when applying any of the δ functions, a precaution that consists of 
avoiding the domains of the dose in which the reference response gets 
close to initial starting stage or to the asymptotic end. In other words: the 
conversion is more precise the closer the doses involved D1 and D2 are to 
the parametric values m1 and m2. 
 
The hemolysis of palytoxin at 37ºC 
 
The hemolysis kinetics at different levels of palytoxin at 37ºC produced 
the results seen in figure 2A, whose sigmoidal profiles in time are due to, 
in principle, two different reasons: 1) the action of some autocatalytic 
mechanism, similar to that produced if the hemolysis were accelerated by 
some of its products; 2) the populational nature of the DR phenomenon, 
since if the determining factors of sensitivity are random variables 
subject to some probability distribution, the response, i.e. the 
corresponding cumulative function will have to be sigmoidal with respect 
to dose and time (the entities that are more sensitive than average will 
respond to lower doses and a shorter time, and the opposite will occur for 
those that are less sensitive). Therefore, to explain the kinetic profile of 
the hemolysis, it is sufficient to accept that the number of palytoxin 
receptors by erythrocyte; the number of receptors that should be occupied 
by the toxin so that hemolysis takes place; or the affinity between 
receptor and toxin are not constant in all the erythrocytes, but variables 


















A B  
Figure 1: Relationships between DR curves for the two effectors as against the 
same receptor or one effector as against two different receptors (equivalent to 
the assessment of one effector by two different methods). The represented case 
is the most general, where the maximum response, the slope and the 
correspondent dose to the semi maximum response vary. Take notice that to 
calculate the D1 dose which produces in R1 an equivalent response to the D2 
dose in R2, it must be taking into account that: 1) in the domains of the 
highlighted surfaces the relative magnitudes of the responses are reversed; 2) 
the conversion function δ is only applied in the abscissa interval between the 
domains A and B. That is, from the end of the starting to the beginning of the 
asymptotic stretch of the reference curve (herein R2). 
 
Although later on we deal experimentally with this dilemma, here we 
should point out that in the second case the models mL and mW are 
adequate to describe the kinetics of the hemolysis, using time, instead of 
dose, as the independent variable. Taking into account that mammal 
erythrocytes are dead cells, the said kinetics can be assimilated to a time 
of failure of any complex system, conventionally described by the 
Weibull distribution (Canavos 1992, Shalel et al. 2002). Therefore, the 









    
= − −   
     
 [8] 
 R response as proportion of hemolysis with K as maximum 
value. 
 t0.5 time corresponding to semi-maximum response. 
 a form parameter, related to maximum rate of hemolysis. 
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In all cases the model was consistent (Fisher’s F, α=0.05) and led to 
significant estimates (Student’s t, α=0.05) of all the parameters (figure 
2B), with a high correlation between observed and expected results 
(r=0.999; figure 2C). 
 
       
TABLE 1: Basic parameters of the hemolysis by palytoxin, under the 
specified conditions, as estimated by means of the criteria discussed in 
the text. t0.5 and m: time and dose for semi-maximum response, in 
minutes and pg.ml–1, respectively; OU: ouabain. In equation [8], we give 
maximum and minimum t0.5 obtained when adjusting separately the 
kinetic series; in the rest of the cases, the confidence intervals for α=0.05 
are specified. 
       
       
  Evaluation criteria 
       
       
conditions  eq. [8]  S1 a  S2 
       
       
37ºC t0.5  173-233  -  185 ± 2 
 m  -  14.5 ± 3.0 b  25.3 ± 3.9 
        
        
25ºC t0.5  222-399  -  245 ± 8 
 m  -  10.3 ± 1.8  27.6 ± 5.0 
        
        
25ºC; OU 1 µM t0.5  272-450  -  303 ± 7 
 m  -  94.1 ± 6.8  132.3 ± 9.4 
        
        
25ºC; OU 5 µM t0.5  375-454  -  395 ± 7 
 m  -  260.2 ± 11.4  277.0 ± 7.3 
        
        
 At asymptotic response time. 
 29.2 ± 7.0 if the results at 250, 300 and 350 minutes are jointly considered (as in 
figure 3D). 






























































































Naturally, every perpendicular to the time axis in figure 2B produces, at 
their intersections with the kinetic profiles, a series of values that 
represent, at a given time of exposure, the response to the dose series 
used, once again with a sigmoidal profile that fits the models mL or mW. 
If the responses at a given time are normalised, and are expressed as a 
fraction of the maximum of that time, then ideally any exposure time will  
lead to the same set of parameters, although in reality there can be 
deviations due to the different relative weight of experimental error at 
different times and at different doses. 
 
Considering the series at 250, 300 and 350 minutes together, the fit to the 
models mL or mW (figure 2D and note b of Table 1) was consistent and 
the parameters statistically significant. However, the correlation between 
observations and predictions (despite an acceptable value: r=0.967; 
figure 2F) clearly showed groupings that reveal the lack of strict 
equivalence between the three series, a result connected with the fact that 
the value of parameter t0.5 was not totally independent of the doses 
(figure 2E), dropping asymptotically from the lowest doses. 
 
This situation makes it necessary to define some decision criteria to 
select the most appropriate incubation time. A problem which requires 
the following solutions: 
 
S1. Use a time in which all kinetics have reached the asymptote (all 
the hemolyses have reached the equilibrium). At least for this present 
case, this criteria leads to the lowest value of m, which represents a factor 
of safety. 
S2. Obtain a unified description of the response as a simultaneous 
function of time and dose,  without rejecting any of the times studied. In 
this case, the set of experimental results may fit a model that is the 
product of the equations mL and mW, divided by the common asymptote 
(K) of the two dimensions of the response. One option is to use mW with 










t B B D Aµ
         
 = − − −     
+          
 [9] 
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Figure 3: Surface of dose-time response (S2 criteria) belonging to the 
palytoxin hemolysis at 37ºC. For further details, see text. 
 
Although unusual in DR analysis, this bidimensional model comprises 
the most complete description for the overall average of experimental 
data. Applied to the present case (figure 3A, Table 1), both the equation 
[9] and its alternative mWt×
mWD were consistent and produced 
statistically significant parametric estimates. However, once again, the 
correlation between observations and predictions showed, within its 
linearity (r=0.996; figure 3B), groupings which reveal bias in the 
predictions (in which the value of m does not depend on time, when, in 
reality, the longer times tend to produce higher estimations of m). In fact, 
although the criteria applied in figures 2D and 3 generate 
undistinguishable estimates of m (25.3 ± 3.9 y 29.2 ± 7.0 pg.ml–1), if the 
responses in the asymptotic stage of the kinetics are used, the value drops 
to 14.5 ± 3.0 pg.ml–1. 
 
This effect could be due to a spontaneous hemolysis over time, which 
exceeds that in the control without palytoxin, and which is not directly 
due to the concentration of the toxin, but to some liberating  factor by 
damaged erythrocytes, i.e., to a low intensity catalytic effect (we will 
come back to this problem later on). Furthermore, the high sensitivity of 
the erythrocytes to palytoxin, under assay conditions, generate DR curves 
with a degenerated sigmoidal profile, whose marked slope makes the 
calculation of parameter m unusually sensitive to experimental error. In 
the next section we shall see how the temperature of the assay can be an 




Given the fact this study attempts to establish reference points to evaluate 
toxin activity, it could opt for the most prudent solution of the lowest m. 
This, however, would not eliminate the problems connected with the 
assay conditions that we have just mentioned. Therefore a better solution 
seemed to be to reduce the intensity of the response through two 
methods: operation at low temperatures and the addition of ouabain, 
which occupies the same receptors in the erythrocyte membrane as 
palytoxin, thus acting as a competitive inhibitor. 
 
Influence of temperature and fit of hemolysis to the Arrhenius model. 
 
To determine the temperature effect on the rate of hemolysis, a kinetic 
assay was carried out in which the same concentrations of erythrocytes 
and palytoxin were incubated at 7 temperatures between an interval of 15 
and 45ºC. The results (figure 4), in terms of percentage of hemolysis fit a 
classic logistic equation: 
 


















 H percentage of hemolysis, with H0 and Hm as initial and 
maximum values. 
 µm maximum specific rate (increase in H by unit of H and 
unit of t). 
 
The meaning of the maximum specific rate (µm) can assimilate to that of 
an initial reaction  rate, but in sigmoidal kinetics the criterion of 
maximum rate (vm) can be more robust, in the sense of being less 
sensitive to experimental error. With the aim of comparing the 
descriptive aptitude of both parameters, a reparametrized version of [10], 
to make the maximum rate explicit (Vázquez et al. 2006), was also used: 
 












+ + − 
 
 [11] 
 vm maximum rate (increase of H by unit of t). 
 λ  delay (intersection of the tangent at inflection point with 
the x axis). 
 
In both cases (Table 2) the equations were consistent and the parametric 






















































Figure 4: Palytoxin hemolysis kinetic at different temperatures. Fit of the 
experimental results (dots) according to the logistic models (continuous 







    
TABLE 2: Parametric estimates of the hemolysis rate at different 
temperatures, as obtained by fitting of the experimental results to the 
equations [10] and [11]. Confidence intervals (α=0.05) and correlation 
coefficients (r) between observations and predictions are specified ([10] 
and [11] are parametric forms of the same equation and, consequently, the 
corresponding r are coincident). 
    
    
T (ºC - K) µm [eq. 10] vm [eq. 11] r 
    
    
15 - 288 0.664 ± 0.169 15.772 ± 3.783 0.999 
20 - 293 0.793 ± 0.255 17.796 ± 5.411 0.996 
25 - 298 0.942 ± 0.169 19.188 ± 3.286 0.997 
30 - 303 0.973 ± 0.176 20.533 ± 3.517 0.997 
35 - 308 1.136 ± 0.313 22.589 ± 6.007 0.994 
40 - 313 0.996 ± 0.297 18.181 ± 5.090 0.981 
45 - 318 0.490 ± 0.141 11.057 ± 2.412 0.982 
    
 
Now then, according to the Arrhenius definition, the relationship between 
the rate of a chemical reaction and the temperature of a system is 
described by the equation:  
 
 ( ) ( )exp a rr E kk T A
R T
 
= ⋅ − 
⋅ 
  ;   or, in linear version: [12] 
 
( )








with kr being  the kinetic constant, Ea  the activation energy, R the 
constant of gases and T the absolute temperature (the meaning of the pre-
exponential term A is limited here to only a fitting parameter). Given that 
the substitution in [13] of the kinetic constant kr for either of the rate 



























The representations of both functions (figure 5) clearly showed that the 
rate increases with the temperature from 15 to 35ºC, and rapidly falls 
after the latter value, suggesting the disorganisation of the biological 
system under these conditions. Furthermore, the fittings of the ascending 
tracts (of activation) to the models [14] and [15] were consistent, 
significant and demonstrated that the maximum rate (vm) provides a more 













































Figure 5: On the top, temperature effect over the kinetics parameters (on 
the left: µm, on the right: vm) of the palytoxin hemolysis. On the bottom , 
fit of the Arrhenius equation of the kinetic parameters belonging to the 
increasing speed stench, for the calculus of the activation energy.  
 
The values obtained for activation energies (Ea; α=0.05) were 18.89 
± 6.42 and 12.72 ± 2.16 kJ/mol, using µm and vm respectively. Although 
slightly lower, they are within the range of those other authors have 
determined in human erythrocytes for other hemolytic agents, such as the 
Kanagawa hemolysin and hypochloric acid (Huntley & Hall 1994, 
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Zavodnik et al. 2002). The difference can be due to: 1) differences in the 
potential barriers of the corresponding effectors, a barrier that without 
doubt is very low in palytoxin, given its notable activity; 2) differences 
dependent on the species (Brzezinska-Slebodzinska 2003, Riobó et al. 
Unpublished) in the mechanical and structural resistance of the 
erythrocytes; 3) the common use of initial rates or first order kinetic 
models, which involve, as we have just demonstrated, less statistically 
robust parameters, and even distortion of the reality of the process, which 
requires the use of asymptotic equations such as those applied here. 
 
Finally, it should be mentioned that 35ºC was a temperature that was 
very close to the domain at which thermal destabilisation of the 
biological system starts. This, without doubt, results in a high sensitivity 
to small variations in experimental conditions in this environment. This 
fact could contribute to the difficulties found in the fit of the results 
obtained at 37ºC, and, in any case, suggests the need to operate at lower 
temperatures. 
 
Autocatalytic process versus populational response. Influence of 
ouabain. 
 
In section 2 we had pointed out the possibility of interpreting the 
sigmoidal character in time of the hemolysis as a result of an 
autocatalytic mechanism, in which the hypothetical release of some 
product from the cellular lysis acted as an activating cofactor of the 
process. In this case (See appendix B) the corresponding kinetics would 



















H0 and Hm  being the initial and final values of the hemolysis, and k1 the 
rate constant. This equation differs from mL [4], which describes the 
populational response, in its non null intercept, H0. However, as the value 
of H0 is necessarily low, comparing the fit of the kinetic data to [4] and 
[16] is a very unsafe criterion even with low experimental error, which 





However, in the presence of a competitive inhibitor of hemolysis, such as 
ouabain, autocatalytic kinetics would follow the model (I being the 
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whereas in a populational response the ouabain effect could be described 
(Murado et al. 2002) introducing in any type [1] sigmoidal model a factor 
with the form: 
 
 1i iF b I= +   ;  (i=K, m, υ) [18] 
 
which would multiply or divide K, m o υ, according to its effect raise or 
reduce the value of the corresponding parameter, leading to specific 
alterations in the response profile.  
 
Given that under these conditions the models differ more substantially, 
the presence of an inhibitor like ouabain enables us to decide between the 
autocatalytic and populational hypotheses. In this respect, the results 
obtained working with 0.25 ng.ml–1 of palytoxin in the presence of 2, 3, 4 
and 5 µM of ouabain clearly supports the populational option. Indeed 
(figure 6), whereas the autocatalytic model with inhibition [17] resulted 
in very inadequate fits, both the equations mL [4] and mW [6] led to 
satisfactory simultaneous solutions of the set of kinetic profiles, once the 
factors Fi [18] had been introduced. 
 
In the case of the equation mL, the factors FK and Fµ divided the K and µ 
values, whereas the factor Fm multiplied the value of m. In the equation 
mW, however, a divisor FK and a multiplier Fm were sufficient, Fa being 
null. It is interesting to note this characteristic, as it is the essential 
difference between the equations with regard to DR models: in mL the 
geometric elements of the curve vary independently with each parameter 
























Figure 6: Catalytic hypothesis (on the top) in contrast to populational 
hypothesis, according to the models mL (in the middle) and mW (on the 
bottom), in the Ouabain inhibition of the palytoxin hemolysis. Absence 
()and presence of 5 (), 4 (), 3 () and 2 () µM of ouabain. 
 
As far as we are interested here, these results showed that the inhibitory 
action of ouabain can be incorporated into the models that describe 
palytoxin activity without difficulty. Furthermore, the apparent 
parameters generated by the joint response do not alter (if the 
concentration of ouabain is known) the attribution of a specific dose of 
palytoxin to a specific hemolytic response. However, it is not so clear 
that the same results allow us to reject the hypothesis of a low intensity 
autocatalytic effect, as mentioned in section 2 with respect to a possible 
spontaneous hemolysis.  
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Figure 7: Dose-time response surfaces (S2 criteria) for the palytoxin 
hemolysis at 25ºC, absence (on the top) and presence of 1 µM (in the 






Given the effects of temperature and ouabain on the response under 
study, the simultaneous action of both factors are considered an adequate 
resource to reduce the apparent potency of the toxin. Consequently, three 
new kinetics were carried out at 25ºC, in the absence and presence of 
ouabain 1 and 5 µM, also redefining the series of palytoxin doses in order 





















Figure 8: DR curves of asymptotic response times. On the top: at 37ºC; 
on the bottom: at 25 ºC in absence () and presence of 1 () and 2 () 
µM of ouabain. 
 
The results, evaluated via the S1 and S2 crtieria (figures 7 and 8; Table 
1), showed the following facts: 
 
1: Both criteria provide consistent descriptions and statistically 
significant parametric estimates. In the more intense responses, however, 
also at 25ºC the estimated potency was higher (the value of m lower) 
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when the results at asymptotic times were used than when all the 
information in bidimensional model was used. 
 
2: The combined effect of the decrease in temperature and the presence 
of ouabain contributed not only to soften the response, but also to create 
the sigmoidal profile characteristic of DR relationships, to improve the 
correlation between observations and predictions in the bidimensional 
model and to make progressively convergent the estimates according to 
the criteria S1 and S2. In fact, with ouabain 5 µM the confidence 
intervals (α=0.05) of the estimates of m for both criteria overlapped, 
making both values statistically indistinguishable. 
 
3: Comparing the results at 25 and 37ºC in the absence of ouabain it is 
clearly seen that if higher temperatures slightly accelerate the response, 
the same does not happen to the potency: the m values obtained through 
the criteria S1 and S2 at the two temperatures were statistically 
indistinguishable, even with a lower average (greater potency) at 25ºC 
according to S1. This situation was confirmed in two independent and 
complete series of experiments, with different erythrocyte preparations. 
Though unable to make a detailed interpretation of this fact, the results 
from the Arrhenius approximation suggest that the erythrocyte system is, 
under in vitro assay conditions, at 37º rather unstable, which could 
partially disorganise the palytoxin response mechanism.  
 
In a DR assay where the safety margin of the effector is very low (i.e., 
the slope of the function is very high), the calculation of the parameter m 
(i.e., the DL50) is relatively sensitive to experimental error, especially if 
the potency of the effector is very high (the m parameter is very low). 
This is precisely what happens in the case of palytoxin, therefore to 
obtain reliable parametric estimates it is necessary to work under 
conditions that, without altering the mode of action, reduces the intensity 
of the response and transforms a degenerated sigmoidal profile (more 
similar to a von Bertalanffy equation than a logistic one) into the 
sigmoidal profile expected according to the foundations of the DR 
phenomenon. As such foundations also require, according to the facts 
demonstrated in the previous sections, which the response is sigmoidal as 
a function of the time and the dose, a good criterion to define reliable 
conditions is the convergence between the solutions derived from S1 and 
S2. In other words, reliable conditions are those in which the normalized 
response to the dose series assayed is independent of the time under 
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consideration, at least in the interval between t0.5 and the asymptotic 
response time. 
 
The method proposed 
 
Taking into account the results described in the previous sections, the 
method proposed here to determine the equivalent activity of palytoxin in 
a given matrix can be summarised in the following terms: 
 
1. Reagents ( in solution or PBS suspension) 
 
A. Erythrocyte preparation: 1.7×108 cells·ml–1 (dilution 1/10 from 
original blood) 
B. Ouabain (5 µM) 
C. Palytoxin dilution series: 8 to 10 values in the interval 10-1.200 
pg.ml–1  
D. Dilution series from the extract that must be evaluated. 
 
2. Procedure  
 
Have a number of experimental units available (tubes or microplate 
dishes) sufficient for the triple assay of the dilution series included in C 
and D. 
2.1. Combine 1 volume of A, 4 volumes of PBS and 5 volumes of B 
(getting a dilution 1/100 of original blood, 1.7×107 cells·ml–1). Incubate 
30 minutes at 25ºC.  
2.2. Combine 1 volume of solution in 2.1 with 1 volume of D. 
Incubate 18-24 hours at 25ºC. 
2.3. Eliminate the cell residues by centrifuge (400 or 300 g depending 
on if they are tubes or microplates, 10 minutes, 10ºC) and measure 
absorbance at 405 nm in the supernatant.  
 
3. Blank, total hemolysis and calibration curve 
 
For the blank assay (0% hemolysis) the procedure described above is 
used substituting D for PBS in 2.2. To determine the total hemolysis 
(100% hemolysis value), the procedure described above is used 
substituting D for distilled water in 2.2. The calibration curve is 





      
TABLE 3: Parameters of the DR relationships concerning palytoxin, 
according to the mouse bioassay, and hemolysis assay at 25ºC in the 
presence of ouabain, calculated through the fitting of the experimental 
results to the models mL and mW. See also figure 10. 
      
      
   mouse bioassay  hemolysis assay (PHO) 
      
      
K  1.008 ± 0.040  0.987 ± 0.023 
µ  2.258 ± 0.687  6.989 ± 0.862 
m  5.870 ± 0.146  0.263 ± 0.009 
eq. mL [4]  
r  0.996  0.999 
      
      
K  1.003 ± 0.029  0.990 ± 0.026 
a  9.340 ± 1.943   1.508 ± 0.126 
m  5.892 ± 0.108  0.260 ± 0.011 
eq. mW [6]  
r  0.998  0.999 
      
 
Under these conditions, the semi-maximum response time is ∼400 
minutes, and the asymptotic stage of the kinetics is reached at ∼1,000 
minutes, with ∼70% hemolysis. The parameters obtained when the 
calibration data obtained from the above conditions are fitted to the 
models mL and mW are given in Table 3. The corresponding functions 
with normalised responses (K=1) at 960 minutes are shown in figure 8. 
These results represent the corresponding reference curves of hemolysis 
by palytoxin in the presence of ouabain (PHO), and not just the 





In the previous sections the reasons for the reliability and legitimacy of a 
method for evaluating the toxicity of palytoxin have been discussed, 
establishing working conditions that allow the application of statistically 
robust dose-response model, whose parameters possess unequivocal 
biological significance. 
 
Leaving aside the development required for its justification, this method 
is very simple. In fact, once the protocol described in section 6 has been 
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applied to an extract obtained from a sample of known weight, it is 
enough to: 1) fit the responses of the extract’s dilution series to an mL or 
mW equation, to obtain the parameter mdil or the dilution that corresponds 
to the semi-maximum response; 2) Fit the PHO calibration curve to an 
mL or mW equation to obtain the parameter mH or palytoxin concentration 
that corresponds to the semi-maximum response. In this way, the dilution 















palytoxin (ng / ml)  
Figure 9: Fitting of the palytoxin responses to the models mL (continuous 
lines) and mW (dotted lines) according to the hemolytic assays (PHO: at 
25ºC with 5 µM of Ouabain (on the left)) and to the mouse bioassay (on 
the right). 
 
Taking into account that the mouse bioassay is the traditional reference 
for neurotoxins of the kind studied here, it can be useful to establish the 
equivalence between both assays, which is possible if both are described 
by the same models applied here. With regard to this, Table 3 and figure 
9 define, next to the PHO curve mentioned in the previous section, the 
results, in terms of mL and mW equations, of a previous mouse assay 
(Riobó et al. Unpublished) with the following specifications: mortality in 
24 hours of NMRI males with weights of 19.5 to 22g; 124 individuals; 
dose expressed as concentration of (ng·ml-1) the solution intraperitonally 
injected. This shows that taking into account the dose for semi-maximum 
response, the hemolysis assay is approximately 20 times more sensitive. 
 
The parameters of the mouse models can be used as permanent 
references to avoid more animal deaths. The parameters of the PHO 
Capítulo 3.2 
229 
models can be used, together with the conversion functions [5] and [7], to 
calibrate the curves obtained for each batch of erythrocytes and therefore 
enable us to express the results, if required, in terms of toxicity to the 
mouse. 
 
Actually, however, the best option would be to dispense with the mouse 
assay, using the toxicity to this animal to establish the maximum 
acceptable dose (MAD) in humans, expressed in terms of palytoxin 
equivalents, and determine such equivalents through the hemolysis assay 
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Appendix A. The dose-response models used. 
 
A.1. Modified logistic equation (mL) 
 
Logistic equation can be transferred from its habitual formulation (as a 
model for describing an autocatalytic kinetics, or a biological growth) to 
the context of the DR relationships, where it would have the form: 
 















 ,  where: [A1] 
  
 R response, with R0 and K as minimum and maximum values, 
respectively. 
 D dose. 
 µ  maximum specific rate of response (maximum increment of 
the R per unit of R and per unit of D). 
 
Although [A1] is sometimes used directly as DR model, in this 
application it is important to introduce two modifications: 
1. To eliminate the intercept (to make R0=0), so that the model obeys the 
condition of null response at null dose. Besides a basic fact of the DR 
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relationships, the condition R0=0 is useful for the calculation of the 
remaining parameters by means of non lineal fitting methods. Indeed, 
with real data, affected of experimental error, the calculation can lead to 
unacceptably high values of R0. The problem decreases including 
restrictions that limit R0 to very low values, but it can create biases in the 
value of µ, very sensitive to the experimental error, in particular to 
overestimations –frequent in the practice– of the response at low doses. 
 
2. To reparametrize the equation, so that it includes explicitly the dose 
for semi-maximum response (ED50, LD50, m in our notation), an essential 
parameter in the DR analysis. It allows the direct calculation of the 
corresponding confidence interval by means of computer applications as 
Statistica or MatLab. 
 
Beginning with the reparametrization, if we make R=K/2 in [A1], we 
have c = m, and therefore: 
 





+ −  
 [A2] 
 
Now, since the intercept (R for D=0) of [A2] is: 
 








the logistic equation without intercept is: 
 







 ++ −   
 [A3] 
 
In this last equation, however, K and m do not represent the maximum 
response and the dose for semi-maximum response, respectively, the real 



















 ( )1 ln 2 exprm mµµ= +    [A5] 
 
So that the model includes such real values, K and m could be isolated 
from [A4] and [A5], and the resulting expressions to be introduced in 
[A3]. A simpler resource, however, is to reorder [A5] in the form: 
 
 ( ) ( )exp exp 2rm mµ µ= −  
 
and to substitute, in [A3] and [A4], the term exp(µm) for its equivalent 
one, what leads to the form: 
 
( )
( ) ( ) ( ) ( )
exp 1 1 1









−    
= − 
− −+ − −    
 [A6] 
 
For simplifying the notation, it can be made: 
 













which is the mL model used in this work. 
 




In terms of DR model, the original accumulative Weibull’s function 







= − −  
   
 [A8] 
 
This form has the advantage on the logistic model of its null intercept. 




1. Multiplication of the second member for the maximum response K, so 






    
= − −   
     
 [A9] 
 
2. Reparametrization of the equation, to make explicit the dose (m) for 
semi-maximum response. This way, if we make R=K/2 in [A9], we have: 
 
 ( )1/ln 2 am β=  ; ( )1/ln 2
m
αβ =  
 
what leads to the definitive form: 
 





    
= − −   
     
 ;  where: [A10] 
 R response, with K as maximum value. 
 m dose for semi-maximum response. 
 a  form parameter, related with the maximum slope of the 
response. 
 
which is the mW model used in this work. 
 
Appendix B. Description of an autocatalytic process with competitive 
inhibition. 
 
To describe in a formal way the possible autocatalytic formation of the 
hemolysis products (H) due to palytoxin (P) in the presence of ouabain 
(I), we can admit an autocatalytic mechanism (that, for further generality, 
we will consider reversible, although this hypothesis is not pertinent in 

















Applying the mass action law, the process is defined by the following 
differential equations: 
 















r k H I
dt
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  [B1] 
 
In the non trivial simplest (n=2) case, we have: 
 
 
( )2 2 11 1 2 1 2 1mH
m m
H H kdH
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dt H H
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( )2H dHr H H H H
dt
α β α β= = ⋅ − ⋅ = ⋅ − ⋅  
 








H Hα β =⋅ − ⋅∫ ∫  [B3] 
  






































α α α β⋅ + ⋅ =− ⋅∫ ∫  ;  that is to say: 
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 [B4] 
 
It should be observed that if the autocatalytic reaction rH1 is irreversible 
(k–l=0), we obtain the expression [17], used in the section 4 as a contrast 
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